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REMARKS 

The specification has been amended at page 1 to include a paragraph reciting the claim of benefit 
of the earlier related applications. 

Claim 2 has been amended to recite an immunogenic composition, to match the body of the 
claim to the preamble. 

Claim 3 has been amended to correct a typographical error and to insert the alternative 
designation used in the specification. These amendments to claim 3 do not affect the scope of the claim. 

THE INVENTION 

The claimed invention relates to a method for the treatment of gastrointestinal tumors that are 
dependent on glycine-extended gastrin- 17 (hereinafter "G17Gly"), the method includes administering a 
therapeutically effective amount of an anti-G17 immunogenic composition to a mammal. 

The anti-G17 immunogenic composition elicits an antibody that binds G17Gly and prevents its 
stimulatory action on the G17Gly-dependent tumor. 

I. Rejection Under 35 U.S.C. § 1 12, Second Paragraph 

In the Office Action of November 1st, 2005, claim 2 was rejected under 35 U.S.C. § 1 12, second 
paragraph as allegedly unclear in the recitation of "immunogen" in claim 2. According to the Office 
Action, this term lacks an antecedent basis in claim 1, which recites an anti-G17 "immunogenic 
composition." 

Applicant has herein amended claim 2 to recite an anti-G17 "immunogenic composition." 
Therefore, the rejection of claim 2 under 35 U.S.C. § 1 12, second paragraph should be withdrawn. 
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II. Rejection Under 35 U.S.C § 1 12 first paragraph 

In the Office Action of November 1, 2005, claims 1-5 were rejected under 35 U.S.C. § 1 12 first 
paragraph as allegedly failing to comply with the enablement requirement. According to the Patent and 
Trademark Office, the specification fails to describe the subject matter of claims 1-5 in such a way as to 
enable one of ordinary skill in the art to practice the invention. 

The Office Action advances the argument that the specification does not disclose an example of 
a G17Gly-dependent tumor, and that further, the concept of glycine-extended gastrin as a growth factor 
was controversial at the time of the invention. 

These arguments are erroneous: DHDK12 is a G17Gly-dependent tumor cell line, as amply 
demonstrated by the Examples in the present specification. Applicants respectfully point out that, 
contrary to the Examiner's assertion, the specification is replete with evidence from in vitro and in vivo 
experiments of the dependence of DHDK12 tumor cells on G17Gly and treatment of such tumors by 
passive immunization with an anti-G17 antibody (Example 2, page 14, Table 2), and by active 
immunization with a G17:DT immunogen (Example 3, pages 16-17 and Figures 4 and 5) as detailed 
below. 

The specification at page 13, Table 1 shows that in two separate in vitro cell culture experiments, 
DHDK12 cells produced 30-80 fmol G17Gly per 10 7 cells, but no detectable amidated G17. Further, as 
stated above, the G17Gly produced by the DHDK12 cells was reduced to undetectable levels by 
treatment with rabbit antibody raised against G17:DT. That this effect is due to the anti-G17 antibodies 
and not the anti-DT component is shown by the addition of rabbit anti-DT antibody as control, which 
did not affect the level of G17Gly, measured as 67 fmol per 10 7 cells in this experiment (See Example 2, 
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Table 2 at page 14). These experiments show that antibody raised against G17:DT neutralizes the 
G17Gly produced by the DHDK12 cells. 

Further, Experiment 3, pages 15-17, demonstrates that anti-G17 antibody elicited by 
immunization with G17:DT markedly inhibits the growth of syngeneic rat DHDK12 tumors in vivo. 
The ablation of G17 and reduction of G17Gly in vivo resulted in the reduction in tumor size (70.2% 
reduction in tumor cross-sectional area as compared with untreated controls, Example 3, Figure 4 and 
paragraph spanning pages 16-17) and tumor weight (56.5% reduction in weight as compared to tumors 
from the DT-treated controls, Example 3, Figure 5 and page 17 first paragraph). 

Thus, the specification provides detailed evidence of the existence of G17Gly-dependent tumors, 
showing that the DHDK12 cell line is G17Gly-dependent and that intervention with an anti-G17 
immunogenic composition elicits an antibody that binds G17Gly and prevents its stimulatory action on 
the G17Gly-dependent tumor. 

The existence of G17Gly-dependent tumors is recognized not only in the present specification, 
but also in the art at the time the invention was filed. The publication of Seva et al. (1994 Science 265 : 
410-412, cited in the specification at page 3, second complete paragraph), clearly teaches the role of 
G17Gly in the stimulation of the tumor-derived pancreatic cell line, AR4-2J, and demonstrates that the 
G17Gly acts through a mechanism independent of the gastrin/CCK-B receptors. Seva et al. implicated 
these receptors for G17Gly as mediators of the physiological and pathophysiological effects of G17Gly 
on G17Gly-dependent tumors (Seva, see the title: "Growth-Promoting Effects of Glycine-Extended 
Progastrin" and page 412 col. 1, first sentence, last paragraph). A copy of the Seva et al publication is 
attached for the Examiner's convenience. 
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The existence of G17Gly-dependent tumors was known in the art prior to the present invention 
and confirmed by the Applicants as shown by the data presented in the present specification. G17Gly- 
dependent tumors are now well recognized in the art. See for example, Koh et al., (2004) Glycine- 
Extended Gastrin Promotes the Growth of Lung Cancer, Cancer Research 64: 196-201 (Copy attached). 

Moreover, the specification clearly teaches how to recognize a G17Gly-dependent tumor, 
contrary to the assertions in the Office Action of November 1, 2005. Just as for DHDK12 tumor cells, 
other tumor cell candidates can readily be assessed for G17Gly-dependence by either passively or 
actively immunizing to provide anti-G17 antibodies and assessing G17 and G17Gly levels and the 
effects of reducing or removing G17Gly activity under conditions where G17 is absent. 

Further, the Office Action states that the specification provides no guidance as to how to use the 
claimed active immunization method for cancer therapy in humans. The Examiner points to several 
publications that voice doubts as to the potential of cancer vaccines, ignoring any successes. For these 
reasons, the Examiner states, it would require undue experimentation to use the present invention as 
claimed. Such a bleak outlook for cancer immunotherapy is unwarranted. Successful instances of 
cancer immunotherapy have been shown. See for instance, Berd et al. (1986) Cancer Research 46: 
2572-2577 (copy attached), cited by Spitler in the reference invoked by the Examiner. Berd et al. 
describes the induction of successful vaccine-induced anti-tumor immunity in two patients. These 
patients showed no regression or new tumor formation more than two and a half years after treatment 
(See in particular, the last two sentences of the Abstract, and summary paragraph, col. 2, page 200). 

The predictability in the art as applied to the claimed method based on the observations with 
DHDK12 and AR42J cells is bolstered by the previous disclosures in the art. See for instance, Watson 
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et al (1991) Cancer 68(6): 1255-1260, in which the behavior of human colon cancer cell lines LoVo and 
CI 46 paralleled that of the rat cell line AR42J in gastrin receptor antagonist studies. 

As to specific guidance for treatment with the G17:DT vaccine of the present invention, 
administration in humans is taught by the present specification at page 4, last two paragraphs, citing co- 
assigned U.S. Patents 5,023,077 and 5,468,494 with extensive disclosures as to how to make and use the 
vaccine of the present invention. See for instance, U.S. Patent 5,023,077 columns 4, 5 disclosing 
preparation of the anti-G17 vaccine, and column 6 for vaccine administration including methods suitable 
for human subjects. 

For all the above-recited reasons, Applicants maintain that claims 1-5 of the present application 
are adequately enabled by the specification and therefore the rejection of these claims under 5 U.S.C. 
§ 1 12 first paragraph as allegedly failing to comply with the enablement requirement should be 
withdrawn. 

III. Rejection Under 35 U.S.C. $ 1 12 first paragraph 

In the Office Action of November 1, 2005, claims 1-5 were rejected under 35 U.S.C. § 112 first 
paragraph as allegedly failing to provide a written description in the specification. The Examiner cites 
University of California v. Eli Lilly & Co. 119 F.3d 1559 (Fed. Cir. 1997) and Enzo Biochem, Inc. v. 
Gen-Probe Inc. 296 F.3d 1316 (Fed.Cir. 2002) in an attempt to support a position that the specification 
does not adequately describe a G17Gly-dependent tumor, and therefore furthermore cannot adequately 
describe a method of using "that product." 

The Examiner relies on a quote from the above-identified cases that a generic statement such as 
"vertebrate insulin cDNA" or "mammalian insulin cDNA" without more, is not an adequate written 
description of the genus because it does not distinguish the genus from others, except by function. . ." 
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However, this argument cannot be applied where, as in the present case, in addition to the 
generic description, the specification provides an actual example of a species of the genus of G17Gly- 
dependent tumors. In this case the species of G17Gly-dependent tumor is the DHDK12 tumor cell line. 

DHDK12 is a representative member of the class of G17Gly-dependent tumors, as explained 
above: Briefly, DHDK12 and AR42J cells are rat cell lines shown to have properties representative of 
human colon cancer cell lines. These include the human LoVo and CI 46 cell lines which exhibit 
properties parallel to those of the rat cell line AR42J in gastrin receptor antagonist studies. 

Further, G17Gly-dependent tumor cells are recognized by their sensitivity to G17Gly and their 
response to the reduction or ablation of G17Gly. The present specification teaches that G17Gly- 
dependent tumors grow in the presence of G17Gly, but exhibit a reduction in growth and/or proliferation 
as demonstrated by their reduced size and weight after treatment with anti-G17 antibody, either by 
passive or active immunization. 

The claims relating to the genus of G17Gly-dependent tumors is supported by a specific 
example, and that example, the DHDK12 cell line has been accepted as a representative member of the 
genus of G17Gly-dependent tumors. Therefore, the arguments advanced in the Office Action do not 
apply and the specification fully complies with the written description requirement. 

Therefore, the rejection of claims 1-5 under 35 U.S.C. § 1 12 first paragraph for alleged lack of 
an adequate written description is misapplied and should be withdrawn. 

IV. Rejection Under 35 U.S.C. §112 second paragraph 

In the Office Action of November 1, 2005, claims 1-5 were rejected under 35 U.S.C. § 1 12 
second paragraph as allegedly indefinite for the recitation of the term "-dependent" in claims 1-5. 
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According to the Patent and Trademark Office, claim 1 is unclear as to the meaning of the term 
"-dependent" in "glycine-extended gastrin- 17-dependent gastrointestinal tumors." 

Applicants respond that one of ordinary skill in the art after reading the present specification 
would readily understand that the term "glycine-extended gastrin- 17-dependent gastrointestinal tumors" 
relate to tumors stimulated by glycine-extended gastrin- 17 (G17Gly), and that this stimulation results in 
growth and proliferation, since the present specification discloses that a reduction in G17Gly results in a 
reduction in tumor size and weight. Therefore, Applicants maintain that the term "-dependent" in the 
phrase "glycine-extended gastrin- 17-dependent gastrointestinal tumors" of claim 1 is clear and definite. 

For this reason the rejection of claims 1-5 under 35U.S.C.§112 first paragraph for alleged lack 
of clarity should be withdrawn. 
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REQUEST FOR RECONSIDERATION 

For all the above reasons, Applicants respectfully request reconsideration of the rejection of 
claims 1-5 of the present application and allowance of these claims. 

TIME OF TRANSMITTAL OF AMENDMENT 

This Amendment is being filed within three months of the mailing of an Office Action on 
the merits. 

The Commissioner is hereby authorized to charge any fee necessary to maintain 
pendency of this application, now or during future prosecution of this application to Deposit 
Account No. 23-1703. 

Dated: February 1, 2006 Respectfully submitted, 




Algls Knilionis, Ph.D., Esq. 
Rejgjta. 36,995 
Attorney for Applicant(s) 
Direct Dial: (212) 819-8248 



Customer No. 007470 
White & Case LLP 
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Growth-Promoting Effects of 
Glycine-Extended Progastrin 

Catherine Seva, Chris J. Dickinson, Tadataka Yamada* 

2K? ^ am i d !f 0n 18 requlred t0 produce some hormones, such as gastrin, from their 
tfb^ 

aastn'n nh the I b,0,0 ?^ , actjvati ™ of many peptide hormones; only amidated 
2552L2 ? ♦* Phy 5 10 ° 9,cal effect that results in Qastric acid secretion. However both 

£ ^S^S f cln k e ^ nded 9astrin stlmu,ate p roliferation of 

SrSl i ^ ° U9h Se,6Ctive receptors for the substrat e and the product re- 
a h m ; dati0 ^ Thus « amidation reaction may functbn as a de- 
terminant of the specific biological actions of products derived from prohormones 



Although characterized as a stimulant of 
gastric acid secretion (/), the peptide hor- 
mone gastrin also exerts growth-promoting 
effects on normal and malignant gastroin- 
testinal tissues (2-5). As with many peptide 
hormones, gastrin is synthesized as a pre- 
cursor molecule that undergoes posttransla- 
tional processing to a product amidated on 
the COOH-terminus, which is presumed to 
be the sole biologically active form (6-9). 
Posttranslational processing in fr. mediates 
of gastrin, specifically glycine-extended gas- 
trins (G-Gly), which serve as the substrates 
• for the amidation reaction, are at least four 
orders of magnitude less potent than gastrin 
m stimulating gastric acid secretion (20). 
However, G-Gly is stored in brain (i 1) and 
gut tissues (12-14), secreted with amidated 
gastrin (15-18) into the circulation, and 
achieves concentrations in plasma like 
those of gastrin. Malignant tissues that 
express gastrin, such as Zollinger-Ellison 
tumors and colon cancers (15, 19, 20), 
contain greater concentrations of G-Gly 
than amidated gastrin. These observations 
prompted us to examine whether G-Gly 
functions as a growth factor in a different 
fashion than its relatively weak effects on 
the standard receptor, which recognizes 
gastrin amidated on the COOH-terminus. 

Amidated gastrin stimulates prolifera- 
tion of a tumor-derived pancreatic acinar 
cell line (AR4-2J) through the classical 
gastnn-cholecystokinin B (G-CCK^ re- 
ceptor (21). We compared gastrin heptaoV 
capeptide (G17) and its glycine-extended 
processing intermediate, Gl7-Gly, for their 
abilities to stimulate DNA synthesis in the 

tVn C X 1 } Hne - Both 017 and synthetic 
rat G17-Gly stimulated [ 3 H]thymidine in- 
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corporation in a dose-dependent fashion 
(Fig. 1), and maximal stimulation was 
achieved by G17 (142 ± 5% of an unstim- 
ulated control; mean ± SE, n.= 8) and 
Gl7-Gly (140 ± 6%) at a concentration 
(0.1 nM) similar to that in plasma. A 
shorter form of glycine-extended gastrin, 
G5-1 7-Gly, also stimulated [ 3 H] thymidine 
incorporation with an efficacy similar to 
that of G17 (133 ± 2%), although its 
potency was decreased. 

Growth of AR4-2J cells is dependent on 
cell poiyamine content (22); amidated gas- 



trin stimulates an increasiS 
ornithine decarboxylase fiff 
rate-limiting enzyme in pM|j 
thesis (24). G17 and GlPf 
ODC activity in AR4-2J <H 
half-maximal effect (EC 50 ^ 
a concentration of approxjuj 
for both peptides, and max|f 
obtained at 1 nM. Difluoro|= 
(DFMO; 2 mM), an in-eversl|L 
ODC, completely abolished« tllr , 
effects of both G17 and Gl7||jS 
The stimulation of AR4i$p' ' 
ation by amidated gastrir^Sn, 
through G-CCK B receptors^S 
fore, we examined the effecffl^ * 
ent selective G-CCK B receJfrL, 
(L365,260 and PD-134308)» 
tion stimulated by G17 and 
antagonists by themselves hafH 
the basal growth of the AR4^S 
L365,260 and PD- 134308, uSpl 
trations that result in full 'cW 
G-CCK B receptors (100 nM)|§ 
inhibited the increase in [ 3 H] * 
corporation induced by G17 
contrast, neither antagonist 
[ 3 H]thymidine uptake stimulaitil 
Gly (Fig. 3B). |p* 
These data suggested that G| 
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Fig. 1 . Effect of G1 7 (black bars) and G1 7-Gly (hatched 
bars) on [ 3 H]thymidine incorporation. AR4-2J cells (37) 
grown in Dulbecco's modified Eagle's medium (DMEM) 
supplemented with 10% fetal bovine serum (FBS) were 
plated, allowed to attach overnight, and then cultured 
for 24 hours in serum-free medium containing 1 mM 
unlabeled thymidine. After we washed the cells with 
serum-free medium, we treated them with increasing 
concentrations of G1 7 or G1 7-Gly. DNA synthesis was 
estimated by measurement of PHJthymidine incorpo- 
ration into the trichloroacetic acid (TCA)-precipitable 
material. The [ 3 H]thymidine (0.1 ,i,Ci/ml; 18 Ci/mmol) 

JSlr^i^Zlf ^ h ° Ur ° f th8 24 ' h ° Ur tfeatment period - We lhen washed ceils 
4^S^ilT 0Ve un,nco ^ ated PHJthymidine. DNA was precipitated with 5§S 
and Ilt^* £ ? were washed twice with 95% ethanol, dissolved in 1 ml of 0.1 M 
^SSM V 6 SC,nt,,lation counter - Results are expressed as percent of«|«p 
in tr nt n P H] ^ y 7 d, " e '^corporation (means ± SE of six different experiments, each pe#l| 
m triplicate). Unstimulated control cells incorporated 2596 ± 84 cpm of PHJthymidine 

Fig. 2. Effects of G17 (black bars) and G1 7-Gly 
(hatched bars) on ODC activity. AR4-2J cells were 
plated in DMEM supplemented with 10% FBS at 10 s 
cells per milliliter, allowed to attach overnight, and then 
deprived of serum for 18 hours before stimulation Cells 
were then incubated with G1 7 or G1 7-Gly. ODC activity 
was measured in cytosoiic extracts from AR4-2J cells 
as described (23). Briefly, cells were lysed by freeze- 
thawmg them with liquid N 2 and then centrifuged at 
50,0000 for 25 min. Supernatants were incubated in the 
presence of pyridoral 5-phosphate (50 ^M), L-[ 1 <C]or- 

Bradford 0 ' ^2h < 2 VT'^k ^ mM) ' Pr ° tein COntent was measured" by the methSM 
oS^J^r^nrJ^ ° f b0V ' ne SGrUm a,bumin as standard Releas ^ V"C)C0mm 
TX^^u^^i T reC ° rded 33 nan ° m0les 0f C0 * ? roduced ^ hou pe mllSn 
duK in 1 P lhG meanS ± SE 0f ^ree different experiment, each perfonMifll 
was 3 5 ^ 0 2 nTnoZpTfrn P 08 * of maximum act 'W basal value of ODC tfH 
aner stimulation with G17-Gty and G17 were 5.1 ± 0.1 and 5.2 ± 0.3, respectively. 
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|JM|ffe.cts of the G-CCK B receptor antago- 
|||||pa5,?a0 and PD-1 34308 on incorpo- 
^tegfipH]thymidine stimulated by (A) G1 7 or 
BjVGl 7-Gly in AR4-2J cells. Ceils were cul- 
•Ved'as described (Fig. 1) and treated for 24 
W^'ith either G17 or G17-Gly alone (black 
^^^>the presence of L365.260 (100 nM) 
J|fe|[f^ bars), or in the presence of 
^^|308 (100 nM) (white bars). Results are 
* gJ^ied as percent of control, unstimulated 
fljjl^jdine incorporation (means ± SE of six 
cfiff^^t experiments, each performed in tripli- 
jyjpnstimulated control cells incorporated 
B&^v90 cpm and 2760 ± 150 cpm of 
"D^ymidine in (A) and (B), respectively. 
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p^j-Effect of octreotide (100 nM) on G17 or 
r « , V-- stinr,u,at ed [ 3 H]thymidine incorpo- 
p$$ n . AR4-2J cells, Cells were cultured as 
pfM$- ed (F,g ' 1 ). -treated for 24 hours with 
Pp.?; or (B) G1 7-Gly alone (black bars) or 
iWppresence of 100 nM octreotide (hatched 
Sll?fe' Resu,ts are expressed as percent of 
lli? 1 - unstimulated [ 3 H]thymidine incorpo- 
lf^fi(means ± SE of six different experi- 
HlPP' each P erforme d in triplicate). Unstim- 
: wpm control cells incorporated 3052 ± 110 
g»nd 3284 ± 86 cpm of [ 3 H]thymidine in 
(B), respectively. 



act through a mechanism independent of 
the G-CCK B receptors. Somatostatin and 
its long-acting analogs, such as octreotide 
(SMS 201-995), inhibit the proliferative 
action of various growth factors on differ- 
ent cultured cell lines (26, 27), including 
AR4-2J cells (28). Octreotide (100 nM) 
completely inhibited the increase in 
[ 3 H] thymidine incorporation stimulated 
by G17 and G17-Gly (Fig. 4). Octreotide 
reduced the maximal stimulation induced 
by G17 and G17-Gly (0.1 nM) from 140 
± 8% to 71 ± 11% and from 135 ± 3% to 
81 ± 7%, respectively. 

If G-GIy has a specific effect on AR4-2J 
proliferation that is independent of 
G-CCK B receptors, it should be possible to 
demonstrate the presence of G-Gly-selec- 
tive receptors. The presence of specific 
G-Gly binding sites on AR4-2J cells was 
investigated with 125 I-labeled human 



Fig. 5. Binding of 125 Mabeled Leu 1s ~G2-17- 
Gly or 125 l-labeled Leu 15 -G17 to AR4-2J cells 
and membranes. (A) Human Leu 15 -G2-17-Gfy 
was iodinated with 125 Mabeled Na on Tyr 12 with 
an adaptation of the chloramine T method and 
purified by high-pressure liquid chromatogra- 
phy as described (33). The specific activity of 
the label was —1.5 M.Ci/pmol. Binding assays 
were prepared on isolated cells that were de- 
tached in phosphate-buffered saline (PBS) con- 
taining 0.02% EDTA. Cells (2 x 10 6 ) were 
incubated with the indicated concentrations of 
125 l-labeled Leu 1 5 -G2-1 7-Gly with or without 
unlabeled Leu 1 5 -G2-1 7-Gly (1 |xM) in a Krebs'- 
A/-2-hydroxyethylpiperazine-/V-2-ethanesulfo- 
nic acid buffer (Irvine Scientific, Irvine, Califor- 
nia) supplemented with 0.5% bovine serum 
albumin, 0.03% soybean trypsin inhibitor, and 
0:05% bacitracin in a total volume of 1 ml at 
37°C until equilibrium. Specific binding of 125 l- 
labeled Leu 15 -G2-17-Gry was calculated per 2 
x 10 6 cells as the difference between the total 
amount of label bound and the amount of label 
remaining bound in the presence of G1 7-Gly (1 
M.M). Nonspecific binding amounted to roughly 
20% of the total amount of label binding in the 
absence of any added G1 7-Gly. Two saturation 
binding studies (open and closed circles) are 
shown; the results are representative of similar 



Leu l5 -G2-17-Gly (29). Leu l 5-G2-17^iy I ^ : 
that was specifically bound increased in a 
dose-dependent manner (Fig. 5 A) . > The 0: : 
equilibrium dissociation constant (D was 
0.45 ± 0.07 nM (n = 7), as determined by , 
Scatchard analysis with the use of the 
LIGAND program of Munson and Rodbard 
(30), with a binding capacity (B max ) of 4.0 
± 2.0 fmol .per 10 6 cells (n = 7)..- By 
comparison, other K d and B max values ob- 
tained for gastrin binding to AR4-2J cells 
were 1.1 ± 0.3 nM and 86.9 ± 20.1 ftnoi 
per 10 6 cells, respectively (23). Competi- 
tive binding studies (Fig. 5B) showed that 
unlabeled Leu 15 -G2-1 7-Gly displaced 125 I- 
labeled Leu l5 -G2-l 7-Gly bound to AR4-2J 
cells. However, G17, cholecystokinin oc- 
tapeptide (CCK), and G-CCK B receptor 
antagonists L365,260 and PD- 134308 had 
no effect. The binding of 125 I-labeled 
Leu 15 -G2-17-Gly to AR4-2J cell mem- 
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data obtained in five additional experiments. (Inset) A Scatchard analysis for one of the binding 
studies. B, bound; F , free. (B) Cells (2 x 10 6 ; left panel) were incubated with 125 l-labeled 
Leu 15 -G2-1 7-Gly without (control) or with 1 nM of unlabeled Leu 1 5 -G2-1 7-Gly; G17; L365.260- 
PD-134308; or CCK octapeptide, as in (A) at 37°C until equilibrium. For preparation of membranes 
(right panel), cells were detached and centrifuged at 600s for 5 min at 4°C in PBS. The pellet was 
resuspended in 20 mM tris (pH 7.4) containing 5 mM MgCI 2 , 1 mM EDTA, 0.3 mM EGTA, 0.01% 
soybean trypsin inhibitor, and 0.05% bacitracin. The suspension was sonicated and then centri- 
fuged again for 5 min at 600o\ The supernatant was recehtrifuged at 10,000o/ for 30 min at 4°C. For 
binding assays, membranes (200 m<9) were incubated with 12S l-labeled Leu 15 -G2-1 7-Gly for 2 
hours at 37°C in 300 pJ of the same buffer with or without 1 jxM G2-1 7-Gly or G17. Each point 
represents the mean of three independent experiments, each performed in duplicate. (C) Binding 
studies with iodinated human Leu 15 -Gl7 (specific activity of -1.5 nCi/pmol) were performed on 
isolated cells that were detached in PBS containing 0.02% EDTA. Cells (2.5 x 10 5 ) were incubated 
with 120 pM ,25 l-labeled Leu is -Gl7 without (control) or with the indicated concentrations of G17- 
G2-1 7-Gly; L365.260; or PD-134308 in a total volume of 0.5 ml at 25°C until equilibrium Specific 
binding of 125 l-labeled Leu 15 -Gl 7 was calculated as the difference between the total amount of label 
bound and the amount of label remaining bound in the presence of 1 jjlM G17. Each point 
represents the mean of three independent experiments, each performed in duplicate. 
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branes was also displaced by unlabeled 
Leu ls -G2-17-Gly, but not by G17 (Fig. 
5B). Unlabeled G17 and both G-CCK B 
receptor antagonists completely inhibited 
the binding of 125 I-labeled Leu 15 -G17 to 
AR4-2J cells, but G2-17-GIy, in concen- 
trations as high as 1 \xM, had no effect on 
IZ5 I-labeled Leu IS -G17 binding (Fig. 5C). 

Our results indicate that amidated gas- 
trin and its glycine-extended posttransla- 
5™ processing intermediates induce 
AR4-2J cell proliferation. In contrast to 
the difference in the potencies of amidated 
gastrin and G-Gly in stimulating gastric 
acid secretion (II), the two peptides ap- 
pear to be equally potent in inducing cell 
proliferation. Moreover, selective inhibi- 
tion by L365.260 and PD-134308 of the 
l ~, i , n ^ t ced by am *dated G17, but not 
by 017-Gly, implies that there are two 
different receptors that mediate the prolif- 
erative actions of the peptides. In view of 
the observations that both plasma and 
tissue concentrations of G-Gly are higher 
than those of amidated gastrin, growth- 
related receptors for G-Gly may mediate 
physiological or pathophysiological ef- 
fects. Our data indicate that the precursor 
and the product of peptide a amidation 
may have different biological actions me- 
diated through separate receptors. 
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Effect of the Nigrostriatal Dopamine System 
Acquired Neural Responses in the Striatum! 
Behaving Monkeys 

Toshihiko Aosaki, Ann M. Graybiel, Minoru Kirnura Jl 

Dysfunction of the nigrostriatal dopamine system results in marked disarm «f JH 
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Understanding the neural mechanisms un- 
derlying sensorimotor learning is a cardinal 
goal of neurobiology; To approach this 
problem, we investigated neurons of the 
basal ganglia, central structures in the mo- 
tor system. We recorded from a clearly 
identifiable class of neurons in the striatum 
(the tonically active neurons, or TANs) 
while monkeys underwent training in a 
Pavlovian conditioning task. We found 
that the TANs acquire responsiveness to 
the sensory conditioning stimuli during be- 
havioral learning (1). This systematic 
learning-dependent plasticity of TANs 
opened the possibility of determining 
whether dopamine, a major catecholamine 
neurotransmitter in the striatum, affects 
such behaviorally contingent neural plastic- 
ity. We therefore recorded from TANs 
before, during, and after monkeys were 
trained in behavioral conditioning, and 
tested the effects of manipulating their do- 
paminergic inputs (2). 

Before conditioning, we confirmed that 
only a small fraction of TANs responded to 
the clicks used as conditioning stimuli (51 
of 305 cells, or 16.7%) (3). The TANs 
were readily identified by their characteris- 
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tic 2- to 8-Hz spontaneous dischargl 
action potential waveforms, and spaf 
tribution at 0.5- to 1.0-mm intervaf 
ing training, many TANs became/ 
sive to the conditioned stimuli (Fil 
all, 71.4% of cells (95 of , 133) recol, 
the caudate nucleus,and 52.0% of c| 
of 175) recorded in the putamen resp^ 
to the conditioned stimuli, after. beh| 
conditioning. The responses consiste 
brief pause in tonic firing (Fig. ID)/ 
began about 60 ms after the condi 
stimulus, lasted about 300 ms, anl 
often flanked by initial and rebound 
tion periods (2). 

After the conditioned behavior Wi« 
quired, we infused l-methyl-4-phenyl-l,2r 
tetrahydropyridine (MPTP), a doparninj 
neurotoxin, into the caudafe-putamen f 
plex of one hemisphere in each monkeyj 
Unilateral dopamine deficits were evid$ 
the home-cage behavior of the monkej 
were confirmed histologically by imif| 
staining for tyrosine hydroxylase (THjlL* 
completion of the experiments (5). Histl%^ 
showed dose-related partial (monkey R«l 
massive (monkey D) loss of TH-like irnm^& 
reactivity in the caudate nucleus and 
men, with near total loss near the injec^MI 
site and graded depletion beyond (Fig. ?J|ll§ 
Postinfusion recordings were made withp|I| 
mm of the injection sites, in the regions of$.l 
maximum depletion. TH immunostaining^l 
was also regionally reduced in the substau j 
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ABSTRACT 

The less processed forms of gastrin have recently been shown to act as 
trophic factors for both normal and malignant colonic cells. Although 
incompletely processed forms of gastrin such as glycine-extended gastrin 
and progastrin are also expressed in human lung cancers, the clinical 
significance of this expression has not been addressed. Consequently, we 
investigated the effects of overexpression of glycine-extended gastrin in a 
mouse strain that is prone to developing lung cancer and also examined 
the expression of incompletely processed gastrins in primary human lung 
cancers. We found that transgenic overexpression of glycine-extended 
gastrin in FVB/N mice resulted in a significant increase in the prevalence 
and growth of bronchoalveolar carcinoma. In addition, a substantial 
subset of human lung cancers was found to express progastrin and/or 
glycine-extended gastrin. Overexpression of glycine-extended gastrin by 
human lung cancers was associated with a significantly decreased sur- 
vival. Taken together, these results suggest that glycine-extended gastrin 
may play a role in the growth and progression of some human lung 
cancers. 



INTRODUCTION 

Worldwide, lung cancer is the leading cause of cancer-related 
mortality. In the United States, lung cancer represents the leading 
cause of death from cancer with an estimated 171,500 new cases in 
1998, resulting in 165,500 deaths (1). Over 40,000 new cases are 
diagnosed each year in the United Kingdom (2). Unfortunately, by the 
time lung cancer is detected, it is often difficult to treat, resulting in 
poor (-14% in the United States and —5% in the United Kingdom) 
5-year survival rates (2, 3). A better understanding of the genes 
involved in the pathogenesis of lung cancer would theoretically lead 
to novel therapeutic targets in the treatment of lung cancer. The 
development of lung cancer, as with many other cancers, is a multi- 
stage process involving alterations in multiple oncogenes {e.g., IC-ras), 
tumor suppressor genes {e.g., p53), and DNA mismatch repair genes 
{e.g., MSH1, hMLHl, and MSH2; Refs. 4-7). However, although 
several of these early genetic changes have been well studied, many 
of the downstream targets of these signaling pathways have been less 
thoroughly examined. Some of these downstream targets are growth 
factors (such as epidermal growth factor, transforming growth factor 
a, and platelet-derived growth factor) secreted by lung epithelial cells, 
as well as a variety of neuropeptides such as bombesin/gastrin- 
releasing peptide (particularly in small cell lung cancer), vasopressin, 
bradykinin, neurotensin, and gastrin (8). 

It has long been recognized that gastrin in its amidated form is an 
important regulator not only of acid secretion but also mucosal 
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growth, primarily for the fundic mucosa of the stomach (9, 10). 
Gastrin has been shown to function as a growth factor for the gastro- 
intestinal mucosa in vivo and for gastric cancer cell lines in vitro. 
However, it is likely that gastrin has important growth factor functions 
outside of the gastrointestinal tract. For example, it has previously 
been shown that gastrin is also expressed in the majority of human 
lung cancers (11). Although the biological significance of gastrin 
expression in lung cancer has not yet been fully elucidated, early 
studies have been intriguing. Zhou et al (12) reported that patients 
with small cell carcinoma, adenocarcinoma, and squamous cell car- 
cinoma of the lung had elevated levels of gastrin in both their serum 
as well as in their bronchoalveolar lavage fluid compared with normal 
controls. In addition, they found that elevated serum gastrin levels 
correlated with worse prognosis; in addition, gastrin levels fell after 
curative resection and became elevated again in the setting of new 
metastases (13). In contrast, other studies have shown no prognostic 
value for gastrin measurements in the serum or bronchoalveolar 
lavage fluid in lung cancer patients (14). 

Lung cancers, as with most malignancies, lack the neuroendocrine- 
processing enzymes to make the fully processed amidated form of 
gastrin. Thus, the vast majority of gastrin synthesized by lung cancers 
is in the form of the less-processed gastrin intermediates, progastrin, 
and glycine-extended gastrin (11). Interestingly, it has also been 
demonstrated that normal lung tissue expresses very low levels of 
these gastrin-processing intermediates (11). Although in the past it 
was assumed that incompletely processed gastrins possessed no bio- 
logical function, more recent studies have shown that these less 
processed forms of gastrin can act as growth factors for the normal 
colon (15-17), as well as gastrointestinal cell lines (18, 19). Although 
additional work is required to characterize relevant receptors, it is 
clear that progastrin and glycine-extended gastrins have low affinity 
for the gastrin-CCK-B (CCK-2) receptor. 

Furthermore, recent studies have suggested that the less processed 
forms of gastrin play a role in the pathogenesis of colorectal cancer. 
Transgenic mice that overexpress progastrin are more prone to colon 
carcinomas induced by azoxymethane than wild-type controls (20, 
21). Mice that have elevated serum levels of glycine-extended gastrin 
through either infusion or insertion of a transgene are more prone to 
intestinal polyposis in the APC min mouse model (22, 23), whereas 
gastrin deficiency generated by either homologous recombination or 
through an immunogen that raises a gastrin-irnmunoneutralizing an- 
tibody results in a decreased number of polyps in the APC min mouse 
model (22, 23). Finally, it has been shown that glycine-extended 
gastrin can promote the invasiveness of human colon cancer cells 
(24). 

Interestingly, we found that transgenic mice overexpressing 
glycine-extended gastrin (MTI/G-Gly) also spontaneously develop 
occasional bronchoalveolar carcinomas at 1 year of age (25). These 
tumors occurred in a genetic background (FVB) that has been reported 
to show spontaneous development of lung cancer (26). To explore 
fully the role of gastrin in the pathogenesis of lung cancer, we 
analyzed further the MTI/G-Gly mice in terms of tumor prevalence, 
tumor burden, and proliferation rates compared with wild-type FVB 
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mice. In addition, we correlated these findings with expression pat- 
terns in human lung cancer specimens. 

MATERIALS AND METHODS 

Generation of MTI/G-Gly Mice. A mouse metallothionein promoter- 
human glycine-extended gastrin cDNA transgene was used to generate trans- 
genic mice that overexpress glycine-extended gastrin in the FVB background 
as described previously (25). This transgene resulted in elevated levels of 
glycine-extended gastrin at the RNA level in all tissues examined (colon, 
kidney, liver, lung, pancreas, and stomach) and of peptide in the serum, with 
the predominant circulating form being G34-Gly. One line (7483) was primar- 
ily used for this study, although lung cancers were noted in all four MT/G- 
Gly-transgenic lines that were generated (25). 

Animals were housed in microisolator, solid-bottomed polycarbonate cages 
and fed a commercially prepared pelleted diet and given water ad libitum. The 
mice were all maintained in an Association for Assessment and Accreditation 
of Laboratory Animal Care-approved facility under barrier conditions as virus 
antibody free mice for the duration of the experiment. The protocol was 
approved by the animal care committee (Institutional Animal Care and Use 
Committee) of the University of Massachusetts Medical School. 

Analysis of Murine Lung Tumors. Nineteen MTI/G-Gly mice and an 
equal number of strain-matched (FVB) control mice were sacrificed at 18 
months. Twelve MTI-G-Gly mice and 16 FVB mice were sacrificed at 12 
months. The lung tissue was then either fixed in 4% paraformaldehyde over- 
night for eventual embedding with paraffin or in OCT compound and frozen on 
dry ice. Blocks were sectioned at 5 ptm for histological and immunohisto- 
chemical analysis and thoroughly examined for lung lesions. A minimum of 
five sections were examined for each lung. Routine H&E staining was per- 
formed for all sacrificed mice, and the number of tumors/lung was quantified 
according to size and histological phenotype. Ductular hyperplasia/dysplasia is 
defined as a hyperproliferative state of the bronchial epithelium with or 
without the presence of dysplastic cells (as evidenced by cytological atypia, 
loss of nuclear polarity, increased nuclear to cytoplasmic ratio, increased 
basophilic staining of the nucleus, and increased number of mitoses) with 
preservation of the underlying bronchial architecture. Adenomas were defined 
as a circumscribed lesion maintaining glandular architecture lined by dysplas- 
tic epithelium that distorts the underlying bronchial architecture. Adenocarci- 
nomas were defined as macroscopically apparent lesions (>5 mm) with 
invasion of neoplastic cells into surrounding structures, including blood and/or 
lymphatic vessels. 

Patients. Tumor samples were obtained from consenting patients undergo- 
ing surgical resection for lung cancer at the Cardiothoracic Centre Liverpool 
NHS Trust A diagnosis of squamous carcinoma of the lung was made in 109 
patients (mean age, 65.5 years; range, 42.7-87.5 years) and adenocarcinoma of 
the lung in 143 (mean age, 67.1 years; range, 48.8-82.6 years). This study was 
undertaken with ethical approval. The specimens formed part of an archival 
collection. 

Immunohistochemistry. For murine tissues, proliferating cell nuclear an- 
tigen staining was performed from paraffin-embedded sections from all slides 
where tumors were found, sectioned at 5 ji,m, and then deparaffinized in xylene 
through alcohol. The slides were then placed in 2 M HC1 for 1 h at room 
temperature. The slides were washed in PBS, incubated with horse serum for 
30 min, washed again in PBS, and then underwent incubation with a mouse 
proliferating cell nuclear antigen antibody (working dilution 1:100; DAKO- 
PATTS, Copenhagen, Denmark) and then stained using the Animal Research 
Kit (DAKOPATTS). The proliferating cell nuclear antigen labeling index was 
determined as the number of immunopositive cells multiplied by 100 and 
divided by the total number of cells/high-powered field in either tumors or 
surrounding normal tissue. 

For human studies, samples obtained from paraffin-embedded tissue blocks 
were arrayed in a 20 X 20 grid (27, 28) and included positive controls of 
duodenum and stomach (Fig. 3, A-F). Sections were processed using antibod- 
ies reacting selectively with the main products of the gastrin gene. Antibody 
L382 was raised to a COOH-terminal sequence of human preprogastrin (93- 
101; i.e., GRRSAEDEN); it reacts with progastrin and its COOH-terminal 
fragments but not with glycine-extended or amidated gastrins, which do not 
share this epitope. Antibody L373 was raised to the peptide EEAYGWMDFG 



corresponding to human preprogastrin 84-93; absorption controls using this 
peptide, G17, and COOH-terminal progastrin fragments indicate that this 
antibody reacts with the COOH-terminal Gly-extended gastrins but not 
progastrin or amidated gastrins. Antibody L425 is directed at the common 
COOH-terminal amidated sequence shared by the amidated gastrins and cho- 
lecystokinin, and absorption controls indicate that it does not react with 




Fig. 1. Lung histopathology in MTl/G-Gly transgenic mice. MTI/G-Gly mice were 
followed for 12-18 months and then sacrificed, and their lungs were processed for 
histology. Lesions were scored according to standard pathological criteria (see "Materials 
and Methods'*). This revealed the presence of areas of ductal hyperplasia/dysplasia 
(magnification, X200; A), alveolar adenoma (magnification, X200; B), and bronchoal- 
veolar carcinoma (magnification, X200; Q. 
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glycine-extended gastrins or progastrin. Endogenous peroxide was blocked 
with 3% hydrogen peroxide and nonspecific protein blocked with 10% goat 
serum and 0.25% BSA in 0.05 m Tris-HCl. Primary antibodies were used for 
1 h at dilutions of 1 :i500 for L382 and 1 : 1000 for L373 and the Sako LSAB2 
HRP labeling kit was used with diaminbenzidine substrate and hematoxylin 
staining. Sections were screened independently by three observers, including 
one highly experienced pathologist. The criteria for positive staining in the 
specimens was staining found in >10% of the tumor cells. 

Data Analysis. For the murine studies, statistical analysis was performed 
using either the x* test or a one-tailed Student's t test. All results are expressed 
as mean ± SE. For the human studies, all analyses were performed using SPSS 
10.0 for Windows. Associations were assessed using the and Kaplan Meier 
for survival analysis. Survival analysis was calculated for the adenocarcinoma 
specimens on the 63 individuals for whom we had follow-up data. 

RESULTS 

MTI/G-Gly Mice Have Significantly Higher Prevalence of Lung 
Tumors. Transgenic mice overexpressing glycine-extended gastrin 
(MTI/G-Gly) in both serum and the lung in the FVB mouse strain 
have previously been described (25). These mice express gastrin at the 
mRNA level in all tissues examined and have elevated circulating 
levels of glycine-extended gastrin in the serum (85.0 ±28.0 pM) 
compared with FVB mice (<30 pM; Ref. 25). The MTI/G-Gly mice 
developed ductular hyperplasia/dysplasia (Fig. \A\ alveolar adeno- 
mas (Fig. \B\ and bronchoalveolar carcinoma (Fig. 1 Q, suggesting a 
stepwise progression toward the development of bronchoalveolar car- 
cinoma similar to that previously published in mice with somatic 
activation of the k-ras oncogene (29, 30). 

At both 12 and 18 months, the MTl-Gly mice had a significantly 
higher prevalence of bronchoalveolar carcinoma than did the wild- 
type controls (16.7 versus 0%, P < 0.05 and 26.3 versus 10.5%, 
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Fig. 2. MTI/G-Gly show increased lung epithelial proliferation and lung cancer 
prevalence. A t prevalence of bronchoalveolar carcinomas in 12- and 18-month-old MTI/ 
G-Gly mice (■) compared with wild-type FVB mice (®). B, proliferation rates as 
determined from PCNA staining in MTI/G-Gly mice (■) compared with wild-type FVB 
mice (H). * indicates a significant increase in proliferation rate in the MTI/G-Gly mice 
{P < 0.05). 



Table 1 Progastrin and G-Cly immunostaining in human squamous carcinoma of 
the lung 





L382 + 


L382 - 


Total 


L373 + 


2 


2 


4 


L373 - 


54 


51 


105 


Total 


56 


53 


109 



Table 2 Progastrin and G-Gly immunostaining in human adenocarcinoma of the iung 





L382 + 


L382 ~ 


Total 


L373 + 


16 


10 


26 


L373 - 


48 


69 


117 


Total 


64 


79 


143 



P < 0.05, respectively; Fig. 1A). Of the mice that developed bron- 
choalveolar carcinoma at 18 months, the MTI-Gly mice also had a 
higher tumor burden (number of cancers/mouse) when compared with 
wild-type mice (2.0 ± 0.63 versus 1.0 ± 0.0, P = 0.09). The tumors 
of the MTI/G-Gly mice also had a higher proliferation rate as meas- 
ured by proliferating cell nuclear antigen staining when compared 
with the tumors found in the FVB mice (15.88 ± 2.37 versus 
6.83 ± 0.45, P < 0.05; Fig. 25). 

Expression of Gly-gastrin and Progastrin in Lung Cancer. 
Immunostaining was then performed on primary human lung cancers 
using antibodies against human progastrin, glycine-extended gastrin 
or amidated gastrin (Tables 1 and 2), Antibodies reacting with pro- 
gastrin (L382) and Gly-gastrin (L373) revealed consistent staining of 
some tumors, but antibody to the COOH terminus of amidated gas- 
trins did not show positive staining (Fig. 3, A-F). Of 143 samples of 
adenocarcinoma, 64 were positive for progastrin and 26 for Gly- 
gastrin. Of the latter, 16 were also progastrin positive but 10 were 
progastrin negative (Table 2). In the case of squamous carcinoma, 56 
of 109 samples were progastrin positive and 4 were Gly-gastrin 
positive (Table 1). The expression of Gly-extended gastrins in ade- 
nocarcinoma was significantly greater than in squamous carcinoma 
(P < 0.001). Interestingly, there was a statistically significant 
(P = 0.015) association between Gly-gastrin expression and de- 
creased survival of adenocarcinoma patients (Fig. 4). The number of 
squamous carcinoma patients expressing Gly-gastrin was insufficient 
for an analysis. However, there was no difference in the survival of 
either adenocarcinoma or squamous carcinoma patients expressing 
progastrin compared with those not expressing progastrin (Fig. 4). 

Progastrin Expression Correlates with More Immature Differ- 
entiation Status of the Tumor. One hundred thirty-nine adenocar- 
cinomas with confirmed pathological differentiation grades were an- 
alyzed to ascertain whether either progastrin or glycine-extended 
gastrin expression (or both) correlated with differentiation status of 
the tumor (P = 0.018). Positive staining was found in 24 of 50 poorly 
differentiated, 34 of 74 moderately differentiated, and 1 of 14 well- 
differentiated adenocarcinomas. This analysis revealed that adenocar- 
cinomas that stain positively for progastrin were associated with a 
poorer degree of differentiation when compared with tumors that did 
not express progastrin (Table 3). Tumors that expressed glycine- 
extended gastrin did not appear to have a significant shift in differ- 
entiation status compared with those that did not express glycine- 
extended gastrin. 

DISCUSSION 

In this study, we present evidence that glycine-extended gastrin can 
contribute to the growth and progression of lung cancer. Expression of 
glycine-extended gastrin was noted in a substantial subset {e.g., 
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Fig. 3. Expression of gastrin precursor peptides (progastrin and G-Gly) in human lung cancers. A total of 109 human squamous cell carcinomas and 143 human adenocarcinomas 
of the lung was immunostained to detect progastrin expression (L382) and glycine-extended gastrin (L373). Tumors were determined to be positive if > 10% stained positively and 
to be negative if < 10% of cells stained positively. A and B % positive staining of squamous cell carcinoma with L382. C, positive staining of adenocarcimona with L382. D, negative 
staining of adenocarcimona with L373. £, positive staining of adenocarcimona with L373. F, positive staining of stomach mucosa with L382. 



~18%) of human lung adenocarcinomas. Although overexpression of 
glycine-extended gastrin does not appear to change the differentiation 
status of the adenocarcinomas, overexpression of glycine-extended 
gastrin within the carcinoma does correlate with a significantly worse 
mean survival. Finally, overexpression of glycine-extended gastrin in 
a mouse strain that is prone to developing bronchoalveolar carcinoma 
resulted in an increased prevalence and number of bronchoalveolar 
carcinomas. 

Tumors are known to secrete a variety of peptides and growth 
factors that stimulate in an autocrine fashion their own growth, with 
the secretion of gastrin-releasing peptide in small cell lung cancer 
perhaps being the best example. Recent studies have suggested that 



the less processed forms of gastrin, including glycine-extended gas- 
trin, can act as trophic factors for normal tissue (10, 15, 16, 25), as 
well as cancer cell lines and tumors (18, 19). Overexpression of both 
progastrin and glycine-extended gastrin has been shown to induce 
colonic hyperplasia and accelerate the development of colon cancer 
(20-22), Although specific receptors have not yet been fully charac- 
terized for the incompletely processed gastrins, recent studies from a 
number of groups have shown that G-Gly can activate mitogen- 
activated protein kinase and other signaling pathways in gastrointes- 
tinal cells (31), whereas progastrin appears to active pp60c-Src kinase 
(32). In addition, migratory effects of G-Gly have been reported on 
mouse gastric epithelial (IMGE-5) cells (31). However, although a 



Adenocarcinomas SqCCL 



Fig. 4. Expression of G-Gly correlates with 
decreased survival in patients with lung adenocar- 
cinoma. Kaplan-Meier survival curves were drawn 
up for progastrin and Gly-gastrin expression in 
adenocarcinomas and squamous cell of the lung. 
No difference was found in the survival of either 
adenocarcinoma or squamous carcinoma patients 
expressing progastrin (L382) compared with those 
not expressing progastrin. There was a statistically 
significant (P = 0.015) association between Gly- 
gastrin expression and decreased survival of ade- 
nocarcinoma patients. 




follow-up (months) 
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Table 3 Adenocarcinomas that stain positively for progastrin are associated with a 
poorer degree of differentiation (P = 0MJ8)° 



Aden oc arc i n o m a 


PD" 


MD 


WD 


Progastrin (+) 


24 


34 


1 


G-Gly (+) 


6 


10 


0 


G-Gly (-) 


18 


24 


1 


Progastrin (-) 


26 


41 


13 


G-Gly (+) 


2 


6 


2 


G-Gly (-) 


24 


35 


11 



a Pearson £ P - 0.018 for (+) positive progastrin staining; (-) negative progastrin 
staining. 



* PD, poorly differentiated; MD, moderately differentiated; WD, well differentiated. 

role for gastrin in gastrointestinal tumorigenesis appears to be well 
established, relatively less attention has been given to its role in other 
epithelial tumors. 

The expression of gastrin by lung cancer was first recognized in 
1989 by Rehfeld et al. (11), but there has been little work with 
respect to the functional significance of this association. With 
respect to human lung cancer, there have been a number of mi- 
croarray analyses that have been applied to tumor specimens with 
the goal of predicting survival or tumor behavior (33). To date, 
gastrin has not emerged as a major gene of interest from our 
expression profiling studies (34); however, it is conceivable that 
this association may have been missed because of posttranscrip- 
tional regulation or more likely to the need for subset analysis. In 
our studies, we were able to confirm the earlier reports that progastrin 
and, to a lesser extent, glycine-extended gastrin, are expressed in human 
lung cancers (1 1), and less than half of tumors were positive for either 
peptide. In this investigation, adenocarcinomas that expressed progastrin 
tended to have a more immature differentiation status, whereas only 
patients with G-Gly-expressing tumors had a change in their mean 
survival. It is worth pointing out that the poorly differentiated subgroup 
only constituted 10% of the total number of adenocarcinomas analyzed so 
that the correlation with differentiation should be treated with caution. In 
this type of clinical analysis, survival data has to be considered the most 
powerful clinical indicator, and we therefore place greater weight on the 
relationship between G~Gly-expressing tumors and clinical outcome. 

Although a number of hypergastrinemic mice have previously been 
described, the MT1 /G-Gly mice represent the first reported gastrin- 
dependent model of lung adenocarcinoma. This propensity for lung 
cancer development was confirmed in three independent MTl/G-Gly 
lines and is no doubt related in part to the background genetic strain 
(FVB/N) that is prone to developing bronchoalveolar carcinoma (26). 
However, mice in our laboratory that overexpress human progastrin or 
amidated gastrin (G17) in the FVB background do not appear to have 
an increased frequency of lung bronchoalveolar carcinomas (data not 
shown). Although these may suggest specificity of the lung cancer 
pathway for G-Gly as opposed to G-17 or progastrin, caution is 
needed in this interpretation because the MTl/G-Gly transgene not 
only results in increased plasma levels of G-Gly but also is unique in 
targeting gastrin expression specifically to the lung epithelium, raising 
the possible need for autocrine action of this growth factor. 

The MTl/G-Gly mouse model is similar in some respects to the 
K-ras LA mouse, another mouse model of lung cancer that shows a 
more rapid progression to neoplasia (29). In fact, gastrin overexpres- 
sion in lung adenocarcinoma may be a direct consequence of onco- 
genic ras mutations. Activating ras mutations have been reported to 
occur in up to 50% of human adenocarcinomas (35) and in the large 
majority of mouse lung tumors (36, 37). Furthermore, it has been 
shown in colon cancer cell lines that activated ras can increase gastrin 
expression (38), suggesting that the expression of gastrin seen in lung 
cancers may be secondary to activating ras mutations. Future studies 
may be needed to address the possible role of gastrin as a downstream 
mediator of the Ras signaling pathway in tumorigenesis. 



In summary, we find that overexpression glycine-extended gastrin 
appears to increase the frequency of lung carcinomas in a transgenic 
mouse model. The tumors from glycine-extended gastrin overexpress- 
ing mice also have increased proliferation rates. Finally, a substantial 
minority of human adenocarcinomas also overexpress glycine-ex- 
tended gastrin, and the overexpression of glycine-extended gastrin 
appears to be associated with a significantly decreased mean survival. 
Taken together, this suggests that overexpression of glycine-extended 
gastrin can play a physiological role in the pathogenesis of lung 
adenocarcinoma and adds further weight to the therapeutic goal of 
blocking glycine-extended gastrin in cancer patients. 
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ABSTRACT 

There is considerable evidence in animal tumor systems that antitumor 
immunity is modulated by suppressor T-lymphocytes, and that the cyto- 
toxic drug cyclophosphamide (CY) can abrogate that suppression. We 
measured the acquisition of delayed-type hypersensitivity (DTH) to 
autologous melanoma cells in 19 patients with metastatic malignant 
melanoma. The patients were treated with an autologous melanoma cell 
vaccine, either given alone, or given 3 days after the administration of 
CY, 300 mg/m 2 i.v. The DTH responses of CY-pretreated patients were 
significantly greater than those of control (vaccine only) patients. Thus, 
after two vaccine treatments, the median DTH responses (mm induration) 
were as follows: controls, 4 mm; CY pretreated, 11 mm; P = 0.034, 
Mann-Whitney V test, 2-taiIed. Whereas seven of eight CY-pretreated 
patients developed DTH to autologous melanoma cells of at least 5 mm, 
only two of seven controls did so (P = 0.034, Fisher's exact test). Two 
patients had significant antitumor responses to treatment with CY plus 
vaccine, consisting of complete disappearance of skin metastases and a 
pulmonary nodule in one, and regression of s.c. and liver metastases in 
the other. Both patients remain free of melanoma after 42 and 33 mo, 
respectively. 



INTRODUCTION 

It is well established that immunotherapy can be effective 
against malignant tumors transplanted into experimental ani- 
mals (1, 2). However, until recently, it was a commonly held 
belief that experimental immunotherapy could only be effective 
when administered before the inoculation of tumor cells, or 
shortly thereafter, i.e., long before a tumor was palpable (3). 
The requirement for an extremely small tumor burden seemed 
to place a serious limitation on the usefulness of immunother- 
apy for human cancer (4). 

It has now become clear that immunotherapy can cause 
regression of established, grossly evident murine tumors. For 
example, Berendt and North (5) have achieved immunologically 
mediated cures of a murine tumor as large as 5 mm in diameter. 
Such a tumor, having a mass of about 0.4 g, would be approx- 
imately equivalent to a 100-g tumor in an adult human patient 
(calculated on the basis of tumor mass/unit surface area). 

This advance in immunotherapy has been made possible by 
a recognition of the fact that tumor-bearing animals have T- 
lymphocytes that can specifically suppress the immunological 
response to the tumor antigens (6-8). Several investigators have 
now shown that immunotherapy of established murine tumors 
can only be successful if steps have been taken to deplete or 
functionally impair these T-suppressor cells (5, 9). This can be 
accomplished by radical depletion (thymectomy plus whole- 
body irradiation) and then selective reconstitution of T-lym- 

Received 10/25/85; revised 1/2/86; accepted 1/24/86. 

The costs of publication of this article were defrayed in part by the payment 
of page charges. This article must therefore be hereby marked advertisement in 
accordance with 18 U.S.C Section 1734 solely to indicate this fact. 

1 Recipient of a grant from the National Cancer Institute (CA39248). To whom 
requests for reprints should be addressed, at the Division of Medical Oncology, 
Thomas Jefferson University, 1005 Curtis, 1015 Walnut St., Philadelphia, PA 
19107. 



phocytes (5), or by administration of the cytotoxic! 
(10-13). 

We hypothesized that pretreatment with CY weft 
patients with advanced cancer to develop cell-medial! 
nity to tumor-associated antigens to which they wouli 
be unresponsive (12). Moreover, we reasoned that 
opment of immunity to those antigens could result in' 
of metastatic tumor, providing the tumor burden w 
large. 

We have tested these hypotheses in patients with_ 
malignant melanoma. We measured the acquisition ojf 
autologous melanoma ceils after treatment with a jSXfc 
vaccine, either given alone, or given 3 days after admi||| 
of CY. The results confirm that CY pretreatment If 
augments the development of DTH to melanoma-a~s| 
antigens, and that the resultant immunity can cause rif 
of metastatic tumors. I 

MATERIALS AND METHODS i 

Design of Study. The study population consisted of 19 patjl^ 
surgically incurable, metastatic melanoma. Eligible patients h$|f 
one or more large (>2 cm) metastatic deposits that were easij| 
able, i.e., in s.c. tissue or superficial lymph nodes, and residiij 
static deposits that were measurable. 

The patients were alternately assigned to one of two gr^ : 
vaccine alone (control group) or (b) vaccine preceded by CY. Th|||i 
characteristics of the patients in the two groups are shown to||p 
and 2. The distribution of age, sex, and Karnovksy status in •& 
groups was similar. Although all of the patients had s.c. ancij 
metastases, four in the control group and six in the CY group aMi 
visceral tumor deposits. All but two of the patients had been $ 
with cytotoxic chemotherapy. One patient in each group had r&Mi 
radiation therapy at least 6 mo prior to entry on this study. 

The patients were tested and treated according to the schema^®! 



in Table 3. On Day 0, they were either left untreated or given Q$jp^. 
mg/m 2 , as an i.v. bolus. Three days later, all the patients were||i^ 
injections of autologous melanoma vaccine. The treatment was rej||ffi 
every 28 days. Prior to receiving vaccine, and 18 days after each i v ' 
injection, they were tested for DTH to autologous melanoma c< 
to control materials (see below). Patients were continued on th 
until there was clear evidence of progression of metastatic dis 
until the supply of vaccine was exhausted. 

Preparation of Tumor Cells. We used a modification of the i 
of Peters et al. (14). Freshly excised tumor masses were trimn|e8 
skin, fat, and necrotic tissue and minced in cold modified H|jL t 
medium (Hanks' balanced salt solution plus 1% human AB-po|g|f 
serum plus 0.1% EDTA plus penicillin plus streptomycin) ($||| 
Bioproducts, Bethesda, MD). Cells that were released into the me|iu| 
by mechanical dissociation were put aside and stored separate!y||M 
minced tumor pieces were placed in an enzyme solution, consistij|jr 
collagenase, 140 mg, and DNase, 30 mg, in 100 ml of modified H|n|Sj 
medium. The collagenase was type 1 (Sigma Chemical Co., St. 
MO) from Clostridium histolyticum; the DNase was type. I (Sig§ 

: 

2 The abbreviations used, are: CY, cyclophosphamide; DTH, delayed 
hypersensitivity; DMSO, dimethyl sulfoxide; BCG, Bacillus Calmette-Gfiem 
i.d„ intradermally. HsMT' 
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Table 1 Clinical characteristics of patients 



Sex 



Age 



Karnovksy 
performance 
status 



Metastatic 
sites 



Prior chemo- 
therapy drugs 



No. of vaccine 
treatments 
given 



Survival times after 
starting vaccine 
(mo) 



M 
F 
M 

F 
F 
F 

M 

M 

M 



M 
F 
F 
M 
M 
F 
F 
F 
F 



M HJ - _ _ .. , ■ 

, .ung, DT, dacarbazine; N, nod* meC, semustine; V , vinblastine; CC, lomustine; B, b.eomycin; VBP, vinb.astine-bleomycin-p.a.inum; LI, liver. V.. 
vindesine; BO, bone; P, platinum; T, Thiotepa. 



58 
61 
61 

46 
59 
61 

48" 

56 

31 



59 
76 
54 
59 
40 
61 
48 
26 
52 



43 



90 
70 
70 

90 
70 
70 

50 

60 

90 



90 
90 
60 
90 
70 
60 
90 
50 
50 



70 



S* LU 
N, LU 
S 

S, LU 
S,N 
S, LU 

N, LU 

S, LI 

S 



S,N 
LU,N 
S,N 
U,N 
S, LI 

S, BO, LU 
S,N 
S,N 
S,N 



DT 

DT, meC 
DT, V, CC, 

B, CY 
DT, CC 
DT 

DT, CC, 

HN 2 
DT, CC, 

VBP 
DT, Vi, CC, 

Vin 
None 



meC, DT 
DT, CY 
DT 
None 
DT, CC 
CC, DT 
V, P, DT 
DT 

meC, DT, 
T, CY, 
VBP 
DT 



7 

10 
2 

2 
3 
2 

5 

3 

12 



3 
2 
2 
2 
2 
2 
3 
2 
1 



42+ 
13 
6 

7 
5 
6 

4 

33+ 
32+ 



11 
10 
3 
4 
7 
6 
6 
6 
3 



p3$,;skin, LU, 
^ vincristine; Vin, 



£Sft Table 2 Clinical characteristics of patients: summary 




CY treated 


Controls 


S^NoJof patients 

SM/female 

^ygg(median) 

J.iyisfceral metastases 

|||!!j)f prior chemotherapies 

EB^|edian) 

|p|Fnbvksy status (median) 
p|§f|jval time (mo) (median) 


9 

5/4 
58 (31-61)° 
6 

2 (0-5) 

70 (50-90) 
7 (4-39+) 


10 

4/6 
54 (26-76) 
4 

2 (0-7) 

70 (50-90) 
6(1-11) 


^^Numbers in parentheses, range. 






Table 3 Outline of study 





Day of 
study 



Procedure 



CY group 



Control group 



-7 
-5 

0 
3 
21 
23 

28 
31 
49 
51 

56 
59 



Apply skin tests 
Read skin tests 

CY, 300 mg/m 2 i.v. 
Vaccine 1 
Apply skin tests 
Read skin tests 

CY, 300 mg/m 2 i.v. 
Vaccine 2 
Apply skin tests 
Read skin tests 

CY, 300 mg/m 2 i.v. 
Vaccine 3 



Apply skin tests 
Read skin tests 

No treatment 
Vaccine 1 
Apply skin tests 
Read skin tests 

No treatment 
Vaccine 2 
Apply skin tests 
Read skin tests 

No treatment 
Vaccine 3 



^^tracted from bovine pancreas. The dissociation process was carried 
jBJjft in baffled, trypsinizing flasks in a 37°C water bath with constant 
n^ring using magnetic stir bars and an immersible stirrer. Aftef 30 
||mjn of dissociation, the enzyme solution containing the cell suspension 
||tjvas removed, and fresh enzyme solution was added. The dissociation 
process was continued until no visible tumor tissue remained. 
ilf£The tumor cells were washed twice in modified Hanks* medium, 
llflsuspended in freezing medium (RPMI 1640 plus 10% human AB 



Hftsitive serum plus penicillin plus streptomycin plus 10% DMSO), and 

mm- 



frozen in a controlled rate freezer (Union Carbide, Indianapolis, IN) at 
rC/min. They were stored in the liquid phase of liquid nitrogen until 
needed. 

Preparation of Vaccine and Skin Test Material. On the day that a 
patient was to be skin tested or treated, the cells were thawed, and the 
DMSO was slowly diluted with modified Hank's medium. Then they 
were washed in Hanks* balanced salt solution without additives. The 
cells were irradiated in a cesium irradiator to a dose of 2500 R, washed, 
and resiispended in plain Hanks' at an appropriate concentration. The 
volumes were adjusted to a specific concentration of live tumor cells. 
Cells were identified as tumor cells by size and nuclear configuration. 
Contamination by dead cells (trypan blue exclusion), leukocytes, and 
erythrocytes varied from 10-30%. The number of live tumor cells 
injected did not vary appreciably between skin tests. Bacterial contam- 
ination was not observed either by direct microscopy or after short- 
term tissue culture experiments that were performed as part of an 
unrelated project. 

Mechanically dissociated melanoma ceils were obtained by collecting 
the material released by minced tumor pieces. Although the yields were 
low (14), sufficient numbers of viable cells were obtained for skin- 
testing 12 of the patients. Contamination of these preparations by dead 
cells and leukocytes far exceeded that of enzymatically dissociated ceils 
and was sometimes as high as 90%. 

The vaccine consisted of live tumor cells suspended in 0.2 ml of 
Hanks' solution to which was added BCG, 0.1 ml (approximately 0.8- 
2.6 x 10 6 viable organisms) (Glaxo, Research Triangle Park, NQ. The 
number of viable cells per vaccine treatment varied from 10-25 x 10 , 
depending on the availability of material, but was similar in the CY 
and control groups [CY, 20 ± 2 (SE); control, 22 ± 1]. For seven of the 
patients (five CY pretreated, two vaccine only), two or more metastatic 
deposits were pooled to prepare vaccine. The tumor cell-BCG mixture 
was injected i.d. in three sites on the upper arms, alternating left and 
right, excluding arms ipsilateral to an axillary lymph node resection. 

DTH Reactions. The patients were skin tested with each of the 
following materials suspended or diluted in 0.1 ml of Hanks' balanced 
salt solution: (a) 1 x 10* melanoma cells; (b) 3 x 10 6 autologous 
peripheral blood mononuclear cells, that had been separated on Ficoll- 
metrizoate and cryopreserved as described for the melanoma cells; and 
(c) a solution of collagenase and DNase mixed in the same proportions 
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as the solution used for dissociating tumor cells. The enzyme solution 
was used at the highest concentration (collagenase, 1 .4 ng/ml; DNase, 
0.3 ng/ml) that did not produce a primary irritant response in unim- 
munize.d subjects. DTH reactions were determined at 48 h by measuring 
the largest and right-angle diameter of the area of induration and 
calculating the mean. Biopsy of selected skin test sites showed the 
mononuclear cell infiltrate that characterizes DTH reactions. 



RESULTS 

DTH to Autologous Melanoma Cells. Prior to receiving vac- 
cine, most patients did not exhibit significant DTH (i.e., >5- 
mm induration) to autologous melanoma cells. The median 
responses were 3 mm in the control group and 2 mm in the CY 
group (not significantly different). Since it was impossible to 
determine whether these small skin test responses represented 
low-level cellular immunity or merely irritant responses, they 
were treated as "background* responses for statistical purposes. 
For all subsequent analyses, we subtracted the background 
response of each patient from his/her response measured after 
receiving vaccine. 

The DTH responses to autologous melanoma cells after 
administration of vaccine are shown in Fig. 1. The DTH re- 
sponses of CY-pretreated patients were significantly greater 
than those of controls (vaccine alone); this difference was ap- 
parent when DTH responses were analyzed either after the first 
or the second vaccine treatment (CY group versus control group 
compared by 2-tailed Mann-Whitney U test: after one vaccine 
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treatment, P < 0.01; after two vaccine treatment 
At the completion of two vaccine treatments, sevtj 
patients, but only two of seven controls had 7. 
greater than 5 mm (P = 0.034, Fisher's exact tefl 
In the CY group, DTH responses to autologofj 
were greater after two vaccine treatments than af 
ment. The mean increase in DTH between the fii 
vaccine treatments was 4.0 ±1.0 mm (P < $ 
nonindependent samples). Three CY-pretreatedl 
skin tested at later time points. In two of these ffl 
to autologous melanoma cells after three and six| 
ments was the same as the DTH response measff 
vaccine treatments. In the third patient DTHjfL 
increase after the fourth and sixth vaccine treatment 
Antitumor Responses— Vaccine Alone. None offf 
treated with vaccine alone showed any evidence I 
of metastatic tumor. All ten of these patients havl 
median survival time of 6 mo. 

Antitumor Responses — CY Pretreated. Six of v 
treated patients had progressive metastatic melanoj 
died with a median survival time of 6 mo. The'L. 
patients are alive at 32+, 33+, and 42+ mo. Despitjfl » 
term survivors, the difference in survival times bettpli 
and control group did not reach conventionally de|l§< 
tical significance (P = 0.083, Kruskal-Wallis analyjfp 

One CY-pretreated, long-term survivor (32+ ._ 
slowly progressive s.c. metastases while receiving irff| 
apy (which was discontinued after 12 mo) but nop] 
tumor regression. The other two CY-pretreated surfl 
significant antitumor responses with complete regresf 
detectable metastatic melanoma. These two cases ar|| 
in detail below. 

Complete Responses to CY plus Vaccine. Patient _ 
yr-old man who presented with an advanced primaryf 
melanoma on the anterior chest. There were dermalj- 
of various sizes scattered over the anterior chest andf 
legs. Following chemotherapy with dacarbazine, the^ 
the skin became larger, and a single nodule (15-mnif _ 
appeared in the right lung. At that time, treatment w|§|| 
with CY plus vaccine, melanoma cells having been qfifP 
resection of several of the larger metastatic lesions in$| 
After two vaccine treatments, the lesions on the antg§9 
were noted to be smaller. After seven vaccine treatmlfj 
proximately 7 mo), the skin metastases had regress| 
pletely (Fig, 2), and the lung nodule had disappearetfp^ 
Treatment was discontinued at that time because the||||^ 
vaccine had been exhausted. The patient remaine^^^ 
disease until 6 mo later, when several small dermal nmffl 
appeared on the right upper leg. These regressed co^fl^ 
after intralesional injection of BCG. The patient rem||^^p 
of clinically detectable melanoma 42 mo after startingfl^i 
treatment. |jp 
Patient 8 was a 56-yr-old man who had a 2 ^-mi^L, 
primary cutaneous melanoma removed from his left upp|pl|^ 



Two yr later, he presented with multiple s.c. metasta?^^! 



AFTER VACCINE #1 



AFTER VACCINE #2 



Fig. I . DTH responses to autologous melanoma cells in patients treated with 
an autologous melanoma cell vaccine. The patients were either pretreated with 
CY or given vaccine with no pretreatment {NT}. Each point represents the DTH 
response (mm, induration) of one patient. The differences between CY and no 
pretreatment were significant: after Vaccine 1, P < 0.01; after Vaccine 2 /> = 
0.034; 2-tailed Mann-Whitney U test. 
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his trunk and abdomen, which failed to respond to che 
apy with dacarbazine, vincristine, lomustine, and vinde^H^ 
the time vaccine treatment was started, he not only nad :|l||pS 
(approximately 20) s.c. metastases, but he also had rigti^^S 
quadrant abdominal pain and an enlarged liver by Qffl^H 
examination. A liver scan showed several large defects,^^^ft 
teristic of metastatic cancer (Fig. 4). The patient receive^^^^ 
courses of CY plus vaccine over a 3-mo period, at whi||j||f " 
the supply of vaccine had been exhausted. At the com 




I3K-. 

||.ig. 2. Regression of skin metastases in Patient I after immunotherapy. The 
[p| residual pigmented lesion on the left breast is a benign (probably dysplastic) 



jptment, the s.c. metastases were noted to be smaller, and, 3 
Kpg later, they had regressed completely. Another liver scan was 
S|jformed which showed resolution of all the defects except 
®p in the left lobe (Fig. 4); biopsy of that lesion and examina- 
with melanin-specific stains showed melanin-containing 
||||j!s with coagulation necrosis. The patient remained well until 
jgmjuary 1984, 7 mo after beginning vaccine treatment, when 
"H|: developed a solitary brain metastasis. This lesion was re- 
lated, and the patient was given a course of whole-brain 
mediation. Twenty-six mo later (33 mo after starting immu- 
fi|!£lierapy), he is well and free of clinically evident melanoma. 
BpToxicity. The only toxicity noted was the local inflammatory 
^^ponse at the vaccine injection site. This consisted of a papule 
Bl|lP c h became ulcerated and drained small amounts of clear 
Sljd with healing by 3-4 wk after the injection. No patients 
developed fever, chills, or malaise. There were no clinical symp- 
I SI!* 15 suggesting autoimmunity, such as arthralgias. Antinuclear 
s ^M|tibody titers were in the normal range for all patients before 




Fig. 3. Chest X-ray of Patient .1 before (above) and during (below) immuno- 
therapy. Note right upper-lobe nodule (arrow) that disappeared during treatment 
with CY plus vaccine. 



and after vaccine treatment. 

DTH Responses to Other Vaccine-related Antigens. No pa- 
tients had DTH to autologous peripheral blood mononuclear 
cells, either before or after vaccine treatment. 

Since the vaccine consisted of melanoma cells obtained by 
dissociation with collagenase and DNase, we tested DTH to 
those enzymes. No patient reacted to the enzymes before treat- 
ment, but after two courses of vaccine, 6 of 9 CY-pretreated 
patients and 4 of 7 controls had developed significant (>5 mm) 
DTH responses. For 12 of the patients (5, vaccine alone; 7, CY 
plus vaccine), we were able to obtain sufficient numbers of 
melanoma cells by mechanical dissociation, /.<?., not contami- 
nated with the enzymes, in sufficient numbers for skin testing. 
Patients treated with vaccine alone did not develop DTH to 
autologous, enzyme-free melanoma cells, whereas 6 of 7 CY- 
pretreated patients did so. Thus CY-pretreatment augmented 
the development of DTH to melanoma-associated antigens and 
not just to the contaminating enzymes. 

DISCUSSION 

Several years ago, we provided the first evidence that CY can 
augment a human immune response (12). In patients with 
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Fig. 4. Regression of liver metastases in Patient 8 after immunotherapy. The 
pretreatment liver scan (A) shows multiple defects throughout the liver. Following 
CY plus vaccine, the scan (B) shows resolution of all the defects except one in the 
left lobe. Biopsy of that residual lesion was interpreted as necrotic melanoma 
ceils. 

advanced cancer, the development of DTH to the primary 
antigen, keyhole limpet hemocyanin, was markedly augmented 
by pretreatment with CY, 1000 mg/m 2 i.v. Subsequently we 
reported that a lower dose of CY, 300 mg/m 2 , was equally 
effective in augmenting DTH and, in contrast to the higher 
dose, augmented the antibody response as well (13). The current 
study extends our previous observations by showing that CY 
immunopotentiation may also apply to tumor-associated anti- 
gens. 

Pretreatment with CY markedly increased the acquisition of 
DTH to autologous tumor cells in this group of patients with 
metastatic malignant melanoma. Prior to vaccine administra- 
tion, there were no significant DTH responses to autologous 
melanoma cells. This is consistent with previous reports (15) 
and confirms that evidence of tumor-directed, cell-mei 
immunity is rare in patients with advanced cancer. Injects, WJ 
vaccine alone was not effective in inducing DTH to autologous 
melanoma cells: only two of the control patients developed 
small positive reactions. In contrast, injection of vaccine with 
CY pretreatment 3 days before resulted in the development of 
DTH to autologous melanoma cells in all but one patient. 

In two patients, the acquisition of DTH to autologous mela- 
noma cells was followed by regression of metastatic tumor. This 
was almost certainly due to CY immunopotentiation; CY alone 
at this dose has no potential for causing tumor regression in 
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malignant melanoma (13). Both responding 
complete regression of all cancer and arelpl 
33 mo, respectively, after beginning vaccine^ 
ing successful immunotherapy, patient iWK 
mal metastasis that regressed after inject^ 
Patient 8 developed a solitary metastasis irilL r 
privileged site, the brain, that responded to^^ 
tion. Despite the need for local therapetiP^ 
seems likely that the current disease-free stafW 
is related to melanoma-directed irnmunit^S 
CY plus vaccine administration. Howevelw^ 
results must be considered preliminary unli 
larger trial. 

Both responding patients had relatively sri§ 
tastases which might have rendered themfrL 
candidates for immunotherapy. However, $jjff| 
dence that visceral metastases also regressed 
pulmonary nodule that appeared under obft 
gressed after treatment. Patient 8 had symptft 
abnormalities characteristic of liver metastasEm 
after CY plus vaccine administration. A birjfp 
hepatic defect showed necrotic melanoma oe^pL, 

The failure of the other seven CY-pretr^f^^H 
respond could be explained by the size ofthei^^^^ 
Although quantitation of human tumor burd|^Hj 
we estimate the tumor burden of Patient 1 ar^^&p 
that of Patient 8 at about 200 g, and those of dlSfffi 
500 g or more. |lf 

The specificity of the DTH responses that weffer 
important issue, but one that is difficult to adaf 
current technological ability. The observation t|?p$gp 
did not exhibit DTH to autologous blood mdf|^l 
implies that neither components of the cell susp||^^i 
(e.g., antibiotics, allogeneic human serum, DMS||f 
changes induced by the cryopreservation procesff 
sible for inducing DTH. However, it is clear thaf|Hpl 
developed immunity to the enzymes used for tum|Ml 
as well as to melanoma-associated antigens. Idealftf 
like to immunize and skin test patients with a ||fk^ 
noma-specific antigen. Although such antigens h^^l 
lated (16), they are not yet available in sufficien^^m 
clinical use. "^^^^^ 

There is mounting evidence that active immunQf|l| 
produce clinically significant antitumor effects. M§| 
(17) reported 4 tumor regressions in 14 patients!^ 
carcinoma treated with a vaccine made of enzymaticaiiy 
ciated, intact autologous tumor cells. Tykka et fl/Hl 
achieved regression of metastases in renal carcinoi^p 
using a polymerized protein extract as vaccine. HoS 
(19) have reported encouraging, although preliminj|§ 
in a postsurgical adjuvant trial with colorectal carcioip 
These reports coupled with our current findings sufE 
>vi i» K u) active immunotherapy could become an important th|%mp 
mediated modality in human cancer, if it is based on an understt^l^^^S 
jection of the tumor-host relationship. Our demonstration thafG^p|||W^| 
,fn,nnA,,c treatment augments the development of ceil-mediateS|nM^ 
nity to autologous melanoma cells suggests that tumor^^^ 
T-suppressor cell activity is an important componen)saffl& 
relationship. 
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mjlffects of the Gastrin Receptor 
m$ML~365,260) on Gastrointestinal 

js 

^^pSc, PhD,* Lindy Durrant, BSc, PhD,* 
l^lc:,* and David Morris, FRCS, MD, PhDf 

if 

i&Teceptor (GR) antagonist, L-365,260 is bound to the GR on AR42J 
^^P^Iy 7.5-fold less than G17 (50% inhibitory concentration [IC 50 ] G17, 
^Wl^lo L365-260, 4.5 X 10~ a mol/1). G17 is mitogenic for AR42J cells, as 
||0^|W|lenomethionine uptake and L-365,260 at concentrations of 2.5 
isi^ 5 x 10 ~ 7 niol/li ( 55X and 5 - 5X the dose required to displace 50% 
^^^ftfyely), and reduced optimal Gl7 stimulated mitogenesis in 75% of 
ftf^lfJl basal growth of two human colon cancer cell lines, LoVo and 
R ^^^d by L-365,260 (2.5 X 10~ 7 mol/1) after 5 days of treatment to 44% 
ffi^^pntrol, respectively. However, inhibition was followed by a 
^^^th to control levels. The growth of AR42J xenografts in nude mice 
J§£@iffy- administration of G17 (10 Mg/mouse/d, P < 0.027). This increase 
^^^coadministration of oral L-365,260 (5 mg/kg/d, P < 0.034). L-365,260 
?|§|^miportant therapeutic agent in slowing the growth of GR-positive, G17- 
|0?vMallrt)intestinal tumors. Cancer 68:1255-1260, 1991. 

^STRIN RECEPTORS (GR) were identified first by 
^M^wr^and Gallagher 1 and have been shown to be 



;r J Gallagher 

wV&ibwth human and animal gastrointestinal (GI) 
^^||^grj; addition, malignant mucosal cells ongi- 
W^;V^|he gut also have GR. 4,5 The GR appear to 
^^^^^^iic function; gastrin has been shown to be 
^^l§8|fbr normal 6 * 7 and malignant 8 " 10 gut mucosal 



^^^fstudy, 1 1 67 patients with colon cancer were 
38 (56.7%) had high-affinity, seven (10.4%) 
g^Slility, and 22 (32.8%) had no GR. Thus, it 
flWffisr that therapy with GR antagonists may be 



^|^||kpeutic option in greater than 50% of colo- 

|SBI patients - - ■ . 

^^^Igiazepine compound recently was described 
SiigM^ely binds to gastrin and brain cholecystokinin 

|ffl^J]||^Gancer Research Campaign Laboratories, University of 
aiMM^ind the fDepartment of Surgery, Queen's Medical Centre, 
ii^||§|Jnited Kingdom. 

#y ICI Pharmaceuticals and the. Medical Research Council, 



receptors. 12,13 This compound, L-365,260, was shown to 
bind to GR on a GI tumor cell line and this compared 
with its corresponding effect on gastrin-stimulated GI tu- 
mor mitogenesis. 



Materials and Methods 

Established Cell Lines 

AR42J is a rat pancreatic acinar tumor cell line. 14 It 
was shown to possess high-affinity gastrin binding sites. 15 
LoVo originated from a human adenocarcinoma of the 
colon, 16 and CI 46 was derived in our laboratory from a 
human colon adenocarcinoma. 17 

All cell lines with the exception of AR42J were grown 
in Dulbecco's modified Eagle's medium (Flow, Irvine, 
Scotland) supplemented with 10% fetal calf serum (FCS, 
Gibco, Paisley, Scotland). AR42J cells were grown in 
RPMI medium (Flow) containing 10% FCS. All cells were 
refed three times a week and grown at 37 °C in the presence 
of 5% carbon dioxide. 



^^^^503331, and Merck, Sharp, and Dohroe 
SHi^gH? thank Mr. David Fox for technical ass: 
Pj?|WS^Vyping the manuscript. 
|^il||(or reprints: Susan Watson, BSc, PhD, Cancer Research 
SvJfte^boratories, University of Nottingham, Nottingham NG7 

^^||jpr publication January 16, 1991. 
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assistance and Mrs. Gastrin Receptor Antagonist 



L-365,260 was provided by Merck, Sharp, and Dohme 
(West Point, PA) (Fig. 1). For in vitro studies, the com- 
pound was dissolved in dimethyl sulfoxide (DMSO, 
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Fig. 1. Chemical definition of L-365, 260 courtesy of Merck, Sharp, 
and Dohme. Urea, N-(2,3-Dihydro-I-Methyl-2-Oxo-5-Phenyl-iH-l,4- 
Benzodiazepin-3-YL)-N-(3-Methylphenyl)-, (R)-. 



Sigma, Poole, Dorset, UK) and further diluted to the re- 
Quired concentration by infusion into culture medium. 
For in vivo studies, the compound was crushed with a 
pestle in a mortar into a small volume of phosphate-buf- 
fered saline (PBS 0.9%, Oxoid, Basing Stoke, England) 
containing 0.5% methylcellulose (Sigma). 

Gastrin Receptor Binding Studies 

For these, the rat pancreatic cell line, AR42 J, was used. 
Initially, a Scatchard analysis was done. 18 Briefly, a semi- 
confluent monolayer of AR42J cells was harvested with 
0.025% ethylenediamine tetraacetic acid (Sigma). The cells 
were aliquoted into microfuge tubes (Northern Media, 
Nottingham, United Kingdom) at a cell concentration of 
2 X 10 5 per tube and washed three times with minimal 
Eagle's medium (MEM, Flow) containing 0.1% bovine 
serum albumin (BSA, Sigma). 

We used 125 I-tyrosyl iodinated human gastrin G17 ( I25 I- 
G17, NEN-Dupont, Stevenage, United Kingdom) with a 
specific activity 2200 Ci/mmol and concentration of 50 
/iCi/ml. This was added to the cells at increasing concen- 
trations in the absence or presence of excess unlabeled 
human G17 (Sigma). All tests were done in either dupli- 
cate or triplicate. 

The cells were incubated for 1 hour at room temper- 
ature before being washed four times in MEM plus 0. 1% 
BSA. Associated radioactivity was counted on a Geiger 
counter. For analysis of GR on CI 46 and LoVo, the cells 
were harvested by scraping off a semiconfluent monolayer, 
and a single-cell suspension was prepared by vigorous pi- 
petting. Gastrin binding was analyzed at a single dose of 
,25 I-G17 (5 X 10" 10 mol/1) in the absence or presence of 
5 X 1 0" 6 mol/1 unlabeled G 1 7 as described. Specific bind- 
ing was calculated by subtracting the binding of 125 I-G 1 7, 
in the presence of excess unlabeled G 17, from the binding 
of ,25 I G17 in the absence of unlabeled G17. 

Determination of Peptide Concentrations Inducing 
a 50% Inhibition of l25 I-Gl 7 Binding 

AR42J cells were harvested and aliquoted into tubes 
as described previously. A fixed concentration of ,25 I-G17 



was prepared (final concentration, 5 XfflL 
added to increasing concentrations of u||j 
L-365,260 (final concentrations 10~ 6 iff 
luted in MEM with 0.1% BSA). Thesef^ 
mixed, added to the cells, and incubat^^ 
described. 



Kinetic Measurement of Gastrin Receptd 

To compare the GR occupancy abilities! 
365,260, AR42J cells were prepared and]| 
either 5 X 10~ 6 mol/1 G 17 or 2.5 X 10" 6 f 
for 1 hour. These were then subsequer 
X 10- 10 mol/1 ,25 I-G17 for 1 hour. ParajjgL 
incubated at room temperature for increas^f{| 
being pulsed with ,25 I-G 1 7. Specific bindii||p 
was calculated. J 

lit* 

In Vitro Mitogenic Assays 

Effect of L-365,260 on gastrin-stimulatM^ 
AR42J cells were harvested as described, 
RPMI plus 10% FCS, and plated out ii§ 
culture-grade flat-bottomed plates (Flow) 
concentrations of G17 (10" n to 10" 9 mol/1); 
or presence of L-365,260 (2.5 X 10" 6 mol/lf 
mol/1). Five replicates with drug dilutions 
DMSO controls were included. Cell prolifefj 
sessed by 75 Se-selenomethionine incorpora^ 
ously described. 19 Results were expressed a| 
of the untreated control ± standard error 

Effect of L-365,260 on basal tumor cell 
were seeded into 96-well flat-bottomed pi; 
centration of 3 X 10 3 cells/well. The cells 
with L-365,260 (2.5 X I0~ 7 mol/1) for inc$ 
up to 7 days. On day 4, one half of the . 
with L-365,260, and one half were not, toJF 
effect of ^supplementation of the GR antago; 
cell growth. Refeeding consisted of aspirat|| 
culture fluid and replenishing with fresh 
taining L-365,260 at the required concent; 
proliferation again was measured by 75 Se-sel$ 
incorporation. 



In Vivo Xenograft Studies 



m 



AR42J cells were grown as xenografts ifl|||§ 
mice (Olac, Bicester, United Kingdom). Fortj|g[ 
were injected subcutaneously into the flanks o||§j| 
animals (25 to 30 g), and after 3 to 5 weeks, tu|||| 
was evident. The tumors then were asepticaljj||| 
disaggregated mechanically, and redispersed^f^ 
mental animals by transplanting 5-^1 tubes i 
cutaneously. 

Therapy consisted of transplanting osmotic ^M. 
(14-day, model 2002, Alzet, London, Unitedf^ 
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WK^^- increasing concentrations of L-365 260 
^WPffe— •) to compete with 5 X 1(T 10 mol/1 of 
»^«ion AR42J cells: G17 (n = 5 cxpts), L-365,260 
if(%tibi no lists lu - ^ 

§ 3 *SI 



^Bls or G17 (10 ftg/mouse/d). The PBS 
||||p|§s received either oral PBS or L-365- 
"^^tece daily gavages using a metal can- 



MMNp**' Harvard Apparatus, Kent, 



^^^P^365,260 was prepared as previously 
^^|||pBS for control treatment contained 

^^Sfes evident from days 4 to 7. Tumors 
^ffl(|£b times a week with calipers for 3 to 
Ks^t^Pl^ependent observer. From the perpen- 
p^5||heters, the tumor cross-sectional areas 
^^Wthe end of the experiment, both , final 



the weights of the nude mice without 



rieasured. 



^^^^ta were analyzed using the Student's t 
i^^^ffiata. The in vivo data were assessed using 
^^^pnfy^ U Wilcoxon rank-sum W test with the 
S^Sy-the SPSS/PC+ statistical package (SPSS 



The 50% inhibitory concentration (IC 50 ) for G17 was 
6 X 10" 9 mol/1, and for L-365,260, it was 4.5 X 10 8 mol/ 
1, although the two lines were found to superimpose at 
lower concentrations. 

Kinetic Gastrin Receptor Analysis 

The length of receptor occupancy observed with both 
G17 and L-365,260 was compared (Fig. 3). Because the 
half-life of GR is approximately 3 hours, 20 the cells were 
treated with G17 (10" 5 mol/1) and L-365,260 (2.5 X 10 
mol/1) for 1 hour and assessed for the generation of free 
gastrin binding sites up to 3 hours later by incubating 
with ,25 I-G17. The results are the mean of three replicate 
experiments expressed as a percentage of the medium 
control (which measures total binding). The experiment 
shown is a typical experiment from the series. It was ob- 
served that the inhibition of I25 I-G17 binding induced by 
prior incubation with G17 began to reverse after 3 hours 
to 67% of the medium control and after 4 hours, to 77%. 
However with L-365,260, the inhibition of binding was 
greater than G 1 7 (40% after 3 hours and 49% after 4 hours 
where the difference was significant, P < 0.05). 

Effect of L-365,260 on the Gastrin-Induced 
Mitogenesis ofAR42J Cells 

Figure 4 shows a typical dose-response curve of AR42J 
cells to human G17. The response is a bell-shaped curve 
with the optimum G17 concentration between 5 X 10 
and 5 X 10" 10 mol/1. The magnitude of the gastrin re- 
sponse shows interexperimental variation from 170% to 
250% of the untreated control. This cannot be controlled 
by- using standardized serum-free medium and cell cul- 
tures in the exponential phase of growth. 

Table 1 shows the results of four separate experiments 
showing the effects of G17 (5 X 10" 10 mol/1) incubated 
with and without L-365,260 (2.5 X 10~ 6 and 2.5 X 10~ 
mol/1) on the 75 Se-selenomethionine uptake of AR42J 
cells. L-365,260 significantly lowered the increased label 



Results 



v in^i||e|nalyses, AR42J was shown to have a single 
^Aiililiinity binding sites with a dissociation con- 
B®ll- U mol/1 and a mean number of 5 X 10 4 
^ng:sites/cell. • 

fPpissa)/ Between ,25 I-G.l 7 and Gl 7 
mSSSw Binding to AR42J Cells 
,Mp||land L-365,260 competitively inhibited the 
J^^^X 10~ 10 mol/1 ,25 I-G17 to AR42J cells (Fig. 
I^^^^t on the graph is a mean of five experiments 
competitor and four experiments for L- 
perimental variation is shown. 
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FtG 3 Binding of 125 I-G17 to GR on AR42J cells at increasing time 
intervals after 1 hour of incubation with G17 (1(T 5 mol/1) (• •) 

and L-365,260 (2.5 X KT 6 mol/1) (O O). Points are the means of 

triplicate samples. *P < 0.05 when compared with untreated controls. 
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However, in both the refed and not i^ffij 
rebounded by day 7 to approach that l§ 
controls. a, 

Table 2 also shows a typical experimeftt^^ 
treated with 2.5 X 10" 7 mol/1 L-365,26^^ 
treatment schedule as for LoVo cells). 
cultures on day 5, there was a reduction in|J 
to 64% of the control value; this was g|| 
nomenon in the other experiments. Th|W 
To - 7 be analyzed on day 7 because the cell cujMffs? 



FIG. 4. Effect of G17 on the 75 Se-selenomethionine uptake of AR42J 
cells. *P < 0.001 when compared with untreated controls. 



uptake in response to gastrin in 75% of experiments. In 
Experiments 3 and 4, the label uptake in response to gas- 
trin of around 200% of the control was reduced to 120% 
to 130% CP < 0.01 and P < 0.02) in the presence of 2.5 
X 10~ 7 mol/1 L-365,260. When lower gastrin responses 
were achieved in Experiments 1 and 2, an insignificant 
inhibition in the former and a modest inhibition in the 
latter at 2.5 X 10~ 7 mol/1 L-365,260 (P < 0.05) was 
achieved. A dose response was not achieved; overall 2.5 
X 10" 6 mol/1 L-365,260 did not inhibit the gastrin re- 
sponse more effectively than did 2.5 X 10" 7 mol/1. 

Effects of L-365,260 on the Basal Growth 
of Human Colon Cancer Cell Lines 

C146 and LoVo cells were not stimulated mitogenicaily 
by G17 in in vitro culture. 19 However they were shown 
to possess 2 X 10 4 and 3 X 10 3 binding sites/cell, respec- 
tively. Recently our group showed gastrin-like immuno- 
reactivity in the culture supernatant of human colorectal 
tumor cell cultures. 21 If such gastrin binds to external re- 
ceptors and is necessary for cell gro\yth, L-365,260 should 
inhibit the basal growth of such cells. 

Table 2 shows a typical experiment in which LoVo 
cells were treated with a single concentration of L-365,260 
(2.5 X 10" 7 mol/1) with one half of the plates being refed 
on day 4. On day 5, both the refed and not refed groups 
had significantly lowered 75 Se-selenomethionine uptake 
(44% and 48% of the control, respectively; P < 0.001). 



Table I . The Effect of L-365,260 Treatment on the Increase in 75 Se-Selenomethionine Incorporation 
' Induced by 5 X IP" 10 mol/1 of G17 on AR42J Cells* 

Mean 73 Se-selenomethionine uptake (% of control) 



confluent, indicating that again L-365,260 
tain its inhibitory effect. 

In Vivo Therapeutic Studies With L-365^ 

The following groups of animals were,Mlg 
1, PBS pump (14 day), methylcelluloself^ 
= 8); Group 2, PBS pump (14 day), L-3(||| 
ylcellulose) orally dosed at 5 mg/kg/d (ri|p 
G17 pump (14 day, 10 jig/inouse/d), 
orally dosed (n = 8); and Group 4, G17M 
10 /xg/mouse/d) L36 5,260 orally dosed ||r 
= 8). L-365,260 therapy was administere^^^ 
mice were killed by their excessive tumor^^ 
5 shows the mean cross-sectional area (cm^^ 
from the four groups on days 10 (Fig. 5, tf||||f 
5, bottom). On day 10, there was no diffb|l 
the xenograft sizes in any of the four grou||l| 
mice that received G17 (Group 3) had aj^ej 
nograft size that was significant (P < 0.0|p 
with the PBS-treated controls (Group 1). 1 
and G17 were administered together (GrqJI 
hanced stimulation did not occur (signific^)^^^ 
treated group, Group 3, P < 0.034). L-ffou. 
(Group 2) had no significant effect on AI^|2|^ 
growth compared with Group 1. 

The weights of the animals were measu|||||| 
were killed by their excessive tumor burderi^rb)] 
(when the experiment was terminated). The^f 
to be identical in all four experimental groii|jg 
that the treatment did not induce any notg 
effects on the experimental mice (Table 3)|j| 
mor weights of animals killed either of ex f|M^ 
burden (from day 20 onward) or at the tern 




Expt. I 



Expt. 2 



Expt. 3 



Control (Gil 5 X lO" 10 mol/l) 
+ L-365 (2.5 X 10~ 6 mol/i) 
+ L-365 (2.5 X 10~ 7 mol/1) 



168 (4.5) 
177 (8.0) 
146 (22.0) 



158 (9.0) 

131 (14.5) 

132 (7.0)t 



204 (22.0) 
152 (29.0) 
113(15.0)t 



* Four separate experiments are shown, and each value is the mean 
of five replicates ± standard error of the mean. 



t < 0.05, %P < 0.01, and - 
from untreated control. 



' < 0.02 indicate level^'Oi^ 

m 



^eIfect of L-365,260 on the Growth of Gut Tumors 
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" 7 mol/I of L-365,260 on the Basal 
Cell Lines, LoVo and 
Incubation, With 



j^ii jtion of L-365,260 at Day 4 



Ml^i ' V Mean 75 Se-selenomethionine 

^SfS " uptake (% of control ± SEM) 

s - , : • 



Hi 



LoVo 



C146 



Jll 

lltEL 



ND 
98 (4.5) 
70 (7.0*) 
48 (3.0*) 
44 (8.0*) 
102 (3.0) 
106.5 (4.0) 



77(1.0*) 

ND 
99 (2.0) 
86 (3.0f) 
64 (4.0*) 
ND 
ND 



lnW§¥ti?9T^ he mean; ND: not determined. 
%lWd|f2^0-Ol indicate level of significance from untreated 
jg|g^i^|; mean of five replicates ± SEM. 



reflected the trends observed on day 




|^ft|||id not affect the final tumor weights 
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^feU^^ffi of AR42J xenografts treated orally with L-365,260 
M^I^BS-treated (14-day pump, transplanted at day 0) and 
M0$3ay pump, 10 /ig/mouse/d) nude mice. Group 1: PBS 
apfWfimethylceilulose orally (n = 8); Group 2: PBS pump (14 
gMliiiEmethylcellulose) orally (5 mg/kg/d) (n = 9); Group 
^^SM^ay, 10 ^g/mouse/d),.rnethyicellu!ose orally (n = 8); 
Kpplp®P (14 day, 10 /ig/mouse/d), L-365,260 (in methyl- 
^•^SiSpimg/kg/d) (n = 8). (Top) Xenograft size at day 10 
|i°Ap^^ ant ation. (Bottom) Xenograft size at day 20 after 
f^Plsition. *Nonsignificant from Group 1, **P < 0.0273 
^MMil**^ < 0.034 from Group 3, nonsignificant from Group 
">^il^¥ ann - VVh i tne y u Wilcoxon rank-sum W test. 

' 1 S.V; 




(insignificant in comparison with Group 1). However, 
when G17 was coadministered with L-365,260 (Group 
4), the median weight was smaller compared with when 
G17 was administered alone (Group 3, P < 0.01), but 
this result was not significantly different from Group 1. 

Discussion 

Our results show that L-365,260, a GR antagonist, 
competitively inhibited ,25 I-G17 binding to GR on the 
rat pancreatic tumor cell line, AR42J. The IC 5 o for G 17 
was 6 X 10~ 9 mol/1 and for L-365,260, 4 X 10" 8 mol/1. 
In the competition assay, l25 I-G17 did not compete equally 
with unlabeled G17 on a molar basis. The reason for this 
is unclear but could be related to the iodinated tyrosine 
residue influencing receptor binding. Other described an- 
tagonists, e.g., proglumide and benzotript, had IC50 of 8.6 
X 10~ 3 and 0.4 X 10" 3 mol/1, respectively, in competitive 
assays involving G17 binding to HCT116 colon carci- 
noma cells. 22 This highlights the superiority of L-365,260 
as an antagonist of GR. 

Kinetic experiments indicated that L-365,260 was re- 
tained on GR longer than G17. However, to maintain 
receptor occupancy, L-365,260 would have to be read- 
ministered as soon as de novo receptor synthesis predom- 
inated. 

The GR present on AR42J are functional; G17 initiates 
a mitogenic response in vitro (as assessed by 75 Se-seleno- 
methionine uptake). When this response to G17 was 
maximal (around 200% of untreated control), L-365,260 
induced inhibition. The inhibition did not appear to be 
dose related; 2.5 X 10~ 6 mol/1 (55 X the IC 50 ) did not 
appear to be more effective than 2.5 X 10~ 7 mol/1 (5.5 
X the IC 50 ). Others 23 showed that proglumide (40 nmol/ 
1) reduced the mitogenic effects of gastrin on HT29, a 
human colon adenocarcinoma cell line. 

L-365,260 reduced the basal growth of LoVo and C146 
cells. The effect was delayed until day 5 of treatment, and 
CI 46 cells required resupplementation with L-365,260 to 
achieve inhibition. With LoVo cells, inhibition was fol- 
lowed by a rebound effect, indicating a cytostatic effect. 
Experiments in serum-free medium (with L-365,260 re- 
plenished at more frequent intervals) are underway. 

Table 3. The Effect of Oral L-365,260 (5 mg/kg/d) on the Final 
Median Tumor Weights in Nude Mice Transplanted With Either 14- 
Day PBS or G 17 (10 ^g/mouse/d)-Containing Osmotic Mini Pumps 





Group 


Median tumor weight (g) 


1. 


PBS pump, oral PBS 


3.3 


2. 


PBS pump, oral L-365,260 


3.7 


3. 


G17 pumps, oral PBS 


5.4* 


4. 


G17 pumps, oral L-365,260 


3.2f 



PBS: phosphate-buffered saline. 

* P < 0.05 when compared with Group 1 . 

t P < 0.01 when compared with Group 3, but nonsignificant from 
Group 1 . 
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Proglumide and benzotript were found to have anti- 
proliferative effects on human colon cancer cell lines in 
both serum-supplemented and serum-free medium. 22 On 
removal of the cells from the antagonists, an acceleration, 
to the control growth rate was found, again indicating the 
cytostatic effect of such antagonists. 

The inhibitory effect of L-365,260 on the basal growth 
of these two human colon adenocarcinomas may be re- 
lated to the fact that gastrin-like immunoreactivity asso- 
ciated with human GI tumors can be demonstrated 21 and 
that this tumor-associated gastrin may be involved in 
growth regulation. The possibility that gastrin could func- 
tion as an autocrine growth factor was suggested. 22,24 Basal 
growth of a colon cancer cell line growing in serum-free 
medium was found to be inhibited by an antigastrin poly- 
clonal antibody, and the inhibition could be reversed by 
preabsorbing the antiserum with gastrin. 22 

If the cytostatic effects of GR antagonists are reproduced 
in clinical trials, then such compounds should induce a 
slowing in growth rather than tumor regression and would 
require continuous administration. Our in vivo experi- 
ment with L-365,260 showed that G17 administered con- 
tinuously by an osmotic mini pump (10 Mg/mouse/d) in- 
duced enhanced growth of AR42J xenografts after 20 days 
(P < 0.027). Administered orally (5 mg/kg/d), it had no 
effect on the basal growth of AR42J, but when coadmin- 
. istered with G17, it suppressed the G17-stimulated in- 
crease in xenograft growth (P < 0.034). Others 25 found 
that proglumide reduced G17 stimulated, growth of the 
mouse colon cancer xenograft (MC26) but had no effect 
on basal growth. 

In future experiments, we will analyze the in vivo effect 
of L-365,260 on G17-stimulated growth in a gastrin-re- 
sponsive xenograft system involving the human gastric 
adenocarcinoma cell line, MKN45. 26 Because GI tumors 
appear to have GR, 5,n therapy with potent GR antagonists 
such as L-365,260 may be effective in reducing the growth 
of hormone-dependent GI tumors. 
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